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PART THIRD, 

Cotit^ning various Problems in Mechanics. 

After arithmetic and geometry, mechanics is the next 
of tile physico-matheiiiatical sciences having their certainty 
resting on tiie simplest foundations, rlt'is a science also 
the principles of which, when combined with geometry, 
arc tlic most fertile and of the most general use in the 
other parts of the mixed mathematics. All those inathe> 
iniiticiuns therefore who have traced out the development 
ol mathematical knowledge, place mechanics immediately 
after the pure mathematics, and this method we shall here 
adopt alsi.« 

We suppose, as ia ev6ry other part of the matliematics 
introduced'lli^lhis work, that the reader is acquainted with 
the first prlli^^^s of the science of which we treat. Thus, 
in regard to mechanics, we suppose him acquainted with 
the principles ofs^uitibrium and of hydrostatics % with tho 
chief laws of motion, £cc. For it is not odr intfintion to 
teach these principles ; but only to present a few of the 
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most curious and remarkable proM|^s, which arise from 
them. ^ ^ 

PROBLEM i» 

To cause d baH to proceed in a retrograde direction, though 
it meets with no apparent obstacle. 

Place an ivory ball on 'a billiard table, and give it a 
stroke on the side or back gart, with the edge of the open 
hand, in a direction perpetMcular to the table, or down- 
ward.— It will then be seen to proceed a fe<v inches for- 
ward, or towards the side where the blow ought to carry 
it; after which it will roll in a retrograde direction, as it 
were of itself, and without having met with any obstacle. 

Hemaek. — This eftect is not contrary to the well known 
principle in m^banics, that a body once put in motion, 
in any direction, will continue to move in that direction 
until some foreign cause oppose and pirevent or turn it. 
For, in the' present case, tlie blow given to ,tho ball, com- 
municates to it two kinds of motion ; one o^ptalion about 
its own centre, and the other direct, by which its centre 
moves parallel to the table, as impelled by the blow. The 
latter motion, on ^t^ount of the friction of the ball on the 
table, is soon anhil^ilated \ but the rotary motion about 
the centre continues, aUd when the former has ceased, the 
latter makes tlie ball roll on the retrograde direction. In 
this effect, therefore, there is nothing contrary to the well 
known laws of mechanics. 

PROBLEM II. 

^To make a false hall, for pla;ymg at nine pm* 

Make a hole ia a common ball used for playing at the 
above game ; but in sueh a manner as not j||^toceed en- 
tirely to the centre; then put some lead and close 

it with a piece of wood, iSO that tbe> joining may not be 
easily perceived. When tlhis ba^ is rolled towards the 
pins, it will not fail to turn. a.4fde from the proper direc- 
tion, unless thrown by chance or deKtejcity iimich a man- 
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ner^ tto.ihe lead aluljl'ferp exacily.At botldli^. 

while Uie ball is Tolling* 

Rs1I^ARK*,^The faqil of all balls used billiards de^ 
penda an;tbia' principle. For» as thej are ell made of 
ivory^ and as^, in every mass of that substance, there are* 
always* ^opie parts more splidthan others, there is not a 
single b^l perhaps which has the centre of gravity ex* 
actly in the ceptre of the h^re. On this account every 
ball deviates more or less from the line in which it is im- 
pelled, when a slight motion is communicated to it, in 
order to make it proceed towards the others side of the 
billiard table, unless the h^viest part be placed at the top 
or bottom. We have heard an eutinent ma|ter of these balls 
declare, that he would give two guineas for a ball that should 
be unifortn throughout ; but that he had never been able 
to find one perfectly free from the above mentioned fault. 

Hence it happ'ens, that When a player strikes the ball 
gently, be (J0^n imagines that lie has struck it unskilfully, 
Of played badly; while hts want of success is entirely the 
consequence of a fault in the b,all. A good billiard player, 
before he engages to play for a large sum, ought carefully 
to try the ball, in order to discover tHp^ heaviest and light- 
est parts. This precaution was communicated to us by a 
first rate player. 

PROBLEM 111. 

flow to constntet a halmwe^ which shall appear Just when 

loaded, as well as when lomted with unequal weights. 

We ctertainly do not here intend to teach people Holv to 
commit a fraud, which ought always to be condemned ; 
but nricrel^^b.sbow that they should be on their guard 
against fal^^yidances, which often appear to be exact; 
and that in purchasing valuable articles, if they are not 
Weil acquainted wi|h the vender, it is necessary to examine 
the balance^ and lo- subject it to tiial. It is p^sible in- 
deed to make one, which when unloaded shall'be in per- 
il 2 
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feet equilibrium, but which shall^^^vertt|eless be false. 
The method is as follows : 

: Let A. and b be the two scales 6fa,balan<^ and let a be 
heavier than b : if the arms of the; balance ws made of un- 
e equal lengths, in>the same ratio as the weights of the two 
scales, and if the heavier scale a be suspended from the 
shorter arm, and the lighter scale b from the longer, these 
scales when empty will be equilibrium. They will be 
in equilibrium also when they contain weights which are 
to each other in the same ratio as the scales. A person 
therefore unacquainted with this artiHcc will imagine the 
weights to be equal ; and by these means may be imposed 
on. 

Thus, for example, if one of the scales weighs 15, and 
the other 16 ; and if the arms of the balance from which 
they are suspended be, the one l6 and the other 15 inches 
in length ; the scales when empty will i>e in equilibrium, 
and they wdll remain so when loaded with weights which 
are to each other in the ratio of 15 to 16, the heaviest being 
put into the heaviest scale. It will even be difficult to ob- 
serve this inequality in the arms of the balance. Every 
time therefore thaf^obds are weighed with such a balance, 
by putting the weight into the heavier scale and the mer- 
chandise into, the other, tlie purchaser would be cheitted of 
a 16th part, or an ounce in every pound. 

But, this deception may be easily detected by transpos- 
ing the weights ; for if they are not then in equi librium, 
ii is a proof tliat the balance is not just. 

And indeed in this way the true weight of any thihg may 
be discovered,* even by such a false balances, tiiuhely, by 
first weigl^ing the thing in the ond scale, ar^then in the 
other sj^B ; for a meah^ proportional the two 

weigh|^^will be the true quality that is, multiply the , 
nutnl^l^ of these two Weights together, an4jtake the;5<|uare 
root'of ^ prod uct. Tli ud, if the thiti^ Weigh 1 $ ounces 
in the on^Scale, and only in the other : then the pro- 
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duct of 16 mliltiplied 14 is 254; tJSo squaure root of whiol^ 
gives 14|^ for the true .weight, or nearly IS ouhc^. Or 
indeed the just weight is found nearly by- barely adding 
the t\Yo numbers together, and dividing the sum by 2. 
Thus 16 and 14 make 30, the half of which, or 16, is tbtt* 
true weight very nearly. ^ 

PROBLEM IV. 

To find the centre of gravity of sev&ral weights. 

As the solution of various problems in mechanics de- 
pends on a knowledge of the nature and pl^ce of t,he centre 
of gravity, we shall here explain the principles of its 
theory. 

The centre of gravity of a body, is that point around 
which all its parts are balanced, in such a manner, that if 
it were suspended by that point, the body would remain 
at rest in qvery position, in which it mighir' be placed 
around that ^int. 

It may be readily seen that, in regular and homogene6us 
bpdies, this point can be no other than the centre of magni- 
tude of the figure. Thui^i the centre of gravity in the 
globe and spheroid, is the centre of these bodies $ in the 
cylinder it is in the middle of the, axis. 

The, centre of gravity between two weights, or bodies 
of different gravities, is found by dividing the distance be- 
tweei^ their points of suspension into two parts, which shall 
be inversely proportional to the weights ; so that the shorter 
part stuill be next to the heavier body, and the longer part 
towards Ijghter* Tbiis is fhe principle of balances with 
unequal by means of which any bodies of different 
weights m^^^weighed with the same weight, as in the 
steelyard.,, , ^ , 

When tb^e^ are several bodies, the centre of gravity of 
two pf them Qnjkt hh by tKe above rule ; jihese two 
are then supposejfIj;o be united in that point, ap^'the com- 
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mon centre of gravity bet^veen th'eiiii and tbo third ^ to be 
found in the same nianner, and so of the rest^ 

Let the weights a, b and c, for ekaiBple, be suspended 
from three points, of the line or baiahere BF (pK 1 fig. 1)^ 
•which we shall suppose to have no weight. Let the body 
A weigh 108 pounds; b 144, and c 180; and let the di« 
stance de be II inches, and ef 9. ' ^ ' ' ' ' 

First find the common centre of gravity of the bodies B 
and c, by dividing the distance ef, or 9 inches, into' two 
parts, which are to each other as 144 to 180, or as 5 tp 4. 
These two parts will be 5 and 4 inches ; the greater of 
which must be* placed towards the smalfer weigh|^:--the 
body B being here the snialler, we shaH'have eg equal to 
5 inches, and fg to 4; consequently UG will be 16. 

If w'e now suppose the two weights b and c, united mto 
one in the point g, and consequently equal in that ^oint 
to 384 pounds; the distance dg, or 16 inches, must be di- 
vided in the ratio of 108 to 524, or of I to 3. rOiic of these 
parts will be 12 and tiie other 4; and as a is the less weight, 
DH must be made equal to 12 inches, and the point h will 
be the common centre of gK’avi|y of all the three bodies, 
required. , 

The result would have been the same, had the bodies a 
and B been first unitedf In short, the rule is the same 
whatever be the number of the' bodies, and whatever be 
their position in the same straight line, or in the same 
platie. ‘ ‘ ' 

This may suffice here in regard to the centre of gravtiy. 
But far many curious tri^hsr, dndiiced fPoin 
tibn, recoiirsb may be bid to books ^Mch tfeiat em’^iSne- 
cbanibs. Wbshalihbwever mention bnebeai^iiiip^hd'ple 
in this science deduced from it'/Whith^i5*w®chvs :/ 

If several bodies or weights be^ so disposed^ that b^eon^ 
muniMting motion to each other ^ their^ Ci^mm centre o^ 
gfomit^ refnudtts aVrestyor tto^ tiot ike Mtu 
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zftr^d thf^M * 0 ^^ neither rUet nor i^/JT 

theti be an equilibrjktnh 

demons^^tioq of this principle is a)ii|ost.jptviilent 
from its enunciation; and it may be employed tp jjcqion^ 
|tratc aU the properties of machines. But ^vb shall 
application of it tp the reader, ' 

Remark.— As this is . the proper place, wesh^ll here 
discharge a promise made in the preceding volume^ prdb. • 
72 Geom. viz, to resolve a geometrical problem, the solu- 
tion of which, as we said, seems to be pbly deducibje from 
the property of the centre of gravity. 

.Let. the proposed irregular polygon then, be ABCp^ 
(pi. 1 fig. 2 No. l); the sides of which are each divide^ 
into two equal parts, in a, b, Cp d and e, from which re- 
sults a new polygon abode a; let the sides of the latter 
be .each divided aUo into two equal parts, by the pojnts 
which when joined will give a third polygon 
a’ y y d! y d ; and so on. In what point witfjthis division 
terminate? 

To solve this problem, if w^e suppose equal weights 
placed at a, 3, c, d, e, th^ common centre of gravity will 
be the point required. !Emt, to find this centre of gmvityf 
we must proceed in the following manner, which,, is ex- 
ceedingly simple. First draw ab (hg. 2 No..^), and lot 
the middle of it be tiie point/,* then draw/e, and divide 
jt in g, in such a manner thdt'fg shall be ope third pf i,t; 
draw also g d, and let g h be the fourth of it ; in the last 
placci draw h e and Jet h the the hfth of it : ^he weight f 
h^Dg the, last,, the point t^i ^may be demonsrratpd from 
tvhat has been bi^ore said^ will be the centre pf gravity.pf 
fhe five eqqal weights placed at a, b^ c, d and e; and will 
solve the probto. 

fro'bLem V. 

, Whm tmftrmt « burthen^ bjt means, of a Iffott or 
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pale, which ihey suppori at the extr^ities; to find 
•much of the weight is borne by each person, 

\ It may be readily seen that, if the weight c weir6 exactly 
in the middle of the lever ab (pi. 1 fig. 3), thetivo persons 
.would each bear one half. But if the Weight is nbt in the 
middle, it can be easily demonstrated, that the parts 6f the 
weight borne by the two persons, are in the reciprbeal 
rdtio of their distance from the Weight. Nothing thert id 
necessary but to divide the weight according to this ratio’]; 
and the greater portion will be that supported by the per- 
son nearest the weight, and the least that supported by 
the person farthest distant. The calculation may be made 
by the following proportion : 

As the whole length of the lever ab, is to the length 
AE, 80 is the whole weight, to the weight supported by the 
power or person at the other extremity n ; or as ab is to 
BE, 80 is the whole weight, to the part supported by the 
power or person placed at a. 

If AB, for example, be 6 feet, the weight c 150 pounds, 
AE 4 feet, and be 2, we shall have this proportion: as 6 
is to 4, so is 150 to a fourth ter^, which will be 100. The 
person placed at the extremity b, will therefore support 
100 pounds, and consequently tbe one placed at a will 
have to support only 50. 

Remark. — The solution of this problem afibrds the 
means of dividing a burthen or weight proportionally to 
the strength of the agents employed to raise it. Thus, 
for example, if the one has only half the strength of the 
other, nothing is necessary bt|t to place him at a jffidtattce 
from the^eight double to tMt of the otheh 


PROBLEM VI, 

How 4, 8, 16 or S2 men fH^tribuied in such a man^ 
ner, as to carry, a considerable burthen, ,ipith ease. 


If tho burthen can be cai^ried by> 4 having 
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made it to the middle of ft lever ab (pi, 1 figw 4) 
cause the extremities of this lever to rcii»t on two shorter 
CO and £f, aod place a man at each, of the pobts 
C9 o»,a and f: it is eyident that the y'eigbt will then be 
equally dibtriJhuted among these four persons. 

If 8 men are required^ pursue the same method with the 
levers co and £f, as was employed in regard to the first; 
that is, let the extremities of co be supported by the two 
shorter ones ah and e d; and those of ef by the levers e/ 
and gh: if a, man be then stationed at each of the points 
a, h^ Cf df e,/i g, A, they will be all equally loaded. . 

The extremities of the levers or poles ab,cd, a/, and 
g h, might, in like manner, be made to rest on otliers 
placed at right angles to them : by means of this artifice 
the weight would be equally distributed among 16 men^ 
and so of any other number. 

We have heard that this artifice is employed at Con* 
stantinoplo, to raise and carry the heaviest burthens, such 
as cannons, mortars, enormous atones, &c. The velocity, 
it is added, with whicli burthens are transported from one 
place to another by this m^hod is truly astonishing. 

PROBLEM VII. 

A rope ACB (pi. 1 fig. 5f^ of a determinate lengthy being 
made fast by both ends, but not stretched, to two points of 
unequal height, a and b ; what position will be assumed 
by the weight p, suspended from a pulley, which rolls freely 
on ihat^ rope ? . 

From fhe points a and. b, let fall the indefinite vortical 
lines Ao and bg^ then from the point a, with an opening 
of the compasses equal to the length of the rope, describe 
an arc of a ^rcle, intersecting the vertical line bg, in e ; 
and from the point s describe. a arnilar arc of a circle, in- 
tersecting the"i^rHcal line ao in n : if tlie lines ae and bd 
dmwn|<,.tbe point c, where they cut each other, 
will give the position’ of the rope acb, whea^the weight 
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has assUAted that position in whicb.it. must rest 4 and the 
point c wiit be that in which the pulley will settle. For it 
may be easily demonstrated) that, in this situation the 
weight F will be in the lowest position possible, which is 
an invariable principle of the centre of gravity. j ' 

PROBLEM \m. 

Ib cattse a pail full pf water to be supported by a 9tick, one 

half of which only^ or less^ rests on the edge of a table. 

To make the reader comprehend properly the metliod 
of pecforniing this trick, in regard to equilibrium; which 
is but ill explained in the old books of Mathematical Re- 
creations, both in the text and in the engraving; we have 
given, in the 6th hgure of the 1st plate, a section of the 
table and the bucket. 

In this figure, let ab be the top of the table, on which 
is placed the stick cd. Convey the handle of the bucket 
over this stick, in such a manner that it may rest on it in 
an inclined position ; and Jet the niuldic of the bucket be 
within the edge of the table. That the whole apparatus 
may be fixed in this situation, place another stick ofe, 
with one of its ends resting gainst the corner o of the 
bucket, while the middle part rests against the edge f, of 
tlie bucket, and its other extremity against the first stick 
CD, in B, where there ought to be a jioteh to retain it. By 
these means the bucket will remain fixed in that situation, 
without being able to incline to either side; and if not al- 
ready full o.f wat^f) it may be filled with safety ; for its 
centre of gravity being . in the vertical line passing .through 
the point H, w'hich itself meets with the table, k isevidefit 
that the case is tiie same as if the pail were.auspended fl-om 
.^e point of the table where it is met by thol^vertical.^ It 
is al$o evident that the stiek’cannot slide.aJong the table, 
nor move on its edge, without raising thoi^entreof gravity 
of the bucket, and of the water it conta&l^K. 
theroforo<|ris, the greater will .be ; 
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Hema»k>— A ccording to this principle^ vnriouft otb^r 
tricks of the sAtne kind, which are generally preposed In 
books on mechanics, may be performed'. For eEample** 
provide a bent book dgf, as seen at the opposite end of 
the same figure, and insert the part, iu the pipCibf • , 
key at d, which must be placed on the edge of a table ; 
from the lower part of the hook suspend a weight o, and 
dispose the whole in such a manner that the vertical line 
GD mk}’’ be a little within the edge of the table. When 
this arrangement has been made, the weight will not fall, 
and the case will be the same with the key, which bad it 
been placed alone in that situation would perhaps have 
fallen ; and this resolves4:he following mechanical problem, 
proposed in the form of a paradox : A body hasoing a 
tendency to fall by its own weighty how to prevent it from 
falling^ by adding to it a weight on the same side on which it 
tends to fall. 

The weight indeed appears lo be added on that side, 
but in reality it is on the opposite side. 

PROBLEM IX, 

To hold a stick upright on lhe tip of the finger y without its 
being able to Jail, 

Affix two knives, or other bodies, to the extremity of 
the stick, in such a manner that one of them may incline 
to one side, and the second to the other, as seen in the 
figure (pi. 2 fig. 7): if this extremity be placed On the tip 
of the tinker, the stick will keep itself upright, without 
fhlhOg ; and if it be made to incline, it will, raise itself 
agkin , and recover its farmer situation. 

'• For - thi»' purpose, the centre of gravity of the two 
Wights addhd^ and of the stick, must be below the point 
of sUspensiou/pr the extremity of the stick, and not at the 
oXtremityi as a&^erted by Ozanam; for in that case there 
would be no 

It is the same pri^iple that keeps in an upright position 
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those small figures furnished with two weigbtsVtoeehhtor- 
bakace them; and which are made to tiirri and bsdaocb, 
while the point of the foot rests on a small ball, loosely 
placed on a sort of stand. Of this kind is the small figure 
. D (fig. 3 pi. 2), supported on the stand by a bail is, 
through which passes a bent wire, having affixed"’ to its 
extremities two balls of lead c and f. The centre of 
gravity of the whole, which is at a considerable idiltance 
below the point of support, maintains the figure upright; 
and makes it resume its perpendicular position, after it 
has been inclined to either side; for this centre tends to 
place itself as low as possible, which it cannot do without 
making the figure stand upright. . 

By the same mechanism, three knives may be disposed 
in such a manner as to turn on the point of a needle; foir 
being disposed as seen in the figure (Bg. 9 pi. 2) and placed 
in eqUilibrio on the point of a neecUe held in the band, 
they cannot fall, because their common centre of gravity 
is far below the point of the needle, which is above the 
point of support. 

PROBlEii X, ^ 

To constrwi afigure^^hich, without any counterpoise, shall 
always raise itsdf uf right, and keep in that position, or 
regain it, however it may he disturbed, ^ « 

Make a figure resembling a man of any substance* ex* 
ceedingiy light; ,<sueh as the pith of the^ld^ tree,^which 
is soft and can be easily cut into any form at'^pleasiire. 
Then profit for it an hemispiierical base sotne very 
heavy substance, such asJead;- The half of a l^eu bullet, 
made very smooth on die' convex part,' Wtlkba,|>toper.for 
tbispurpoM.. If the figure be cemented to tiii» plane part 
of this hemisphere; then, in^^yha^ver. position It, may^be 
placed^; as soon as it is left 'to itself^. it^wMj vtse^ upr^t 
IQrpl. fj); because the>centre of; gravity' 'of itsbemi«^ 
sj^erieaf base being in the ^xis, tend$ to, 8 pps! 0 «^>^lie 
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iKQ^izontBl'plAtie as much as possible^ and tliis gab never 
be the ^ case till ^be axis becomes perpendicnlar to ihe 
hprizotii forsthesmulf figure above scarceijr deranges it 
from its pHace^ on accotint of the disproportion betiveen its 
weight and. that of its base. 

In this manner, were constructed those small %ures 
called Prussians, sold at Paris some years ago. They 
were fbirined iuto^ battalions, and being made to fall down 
by drawing a rod<ovcr them, they immediately started up 
again as soon as it vras removed. » 

Screens of the same form have been -since invented, 
which always rise up of themselves, when they happen to 
be pressed down. 

PROBLEM XI. 

^ a rope acb, to the extremities of which are affixed the 
given weights p and q, be made to pass over h>o pulleys a 
and B ; and if a weight r be suspended from the point c, 
by the cord kc , what position will be assumed by the three 
weights and the rope acb ? (fig. 11 pi. 2). 

In the line a b^ perpendicular to the horizon, assume 
any part a c, and on that part as* a base, describe the tri- 
angle a.d c, in such a manner, that a c shall be to c d, as 
the weight r, to the weight pj uuU i^hat a c shall be to a d, 
as r to g ; then through a, draw the mdeiinite line ac 
parallel to cd, and through b, draw bc, parallel to ad: 
the point e, where these two lines intersect each other, 
will be the point required, and will give the position acb 
ofthero^. ^ * ■ v 

For, if 'in 3C continued we assume cd, equal to u c, 
and describe' the paralielogrim ebfc ; it is evident that 
WAdfasdl hai;;e on and ce, equal to c d and a d ; and there- 
forai the tbi^ lines ec, cD,and cf will be as. the weights 
p^^R, and'g>; cbnsctqtiently two forces acting from c to 
p,^and from c to B, :0r in the direption of the lines ca and 
OB> will be in eqmlibtio nfith the force which acts from 
e towards ' 
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RBMARKS.^Ut« If the ratio of the weights suHdi^ 
that the point of intersection c shonld^laH on the line All, 
or above it, the problem, in this case would be imjiossibfe. 
The weight q, or the weight i», wdnld overtJOitte the other 
two in such a manner, that the point c would fall in b or 
A; so that the rope w'Ould form no angle. 

These weights also might be such that it would he ifin-* 
possible to construct the trian^e a c d,^ if OOe of th^m 
Were equal to or greater than the other t\^o taken together; 
for, to make a'' triangle of three lines, each of them must 
be less than the other two. In that ease wc ought to con- 
clude that the weight equal or superior 4;0 the other two 
would overcome them both, so no equilibrium Could 
take place. - ► ’ 

2d. If instead of a knot at c, we should suppose the 
weight H suspended from a pulley capable of rolling' on 
the l^bpe ACB, the solution would ^ still the same;*' for 
it Is evident that, things being in the same state as irt the 
first case, if a pulley were substituted for the knot c, the 
equilibrium would not be destroyed. But there would be 
one Umitation more than in tile preceding case. It would 
be necessary that the point of intersection, c, dCteritiihed 
as above,’ should fa^4)elow the horizontal line, drawn 
through the point b ; Otherwise the pulley would roll to 
the point B, as if on an inclined plane. 

-V 

PBOBLKM Xir, 

Calcutdiibfi df the time which Afehimedes would h^ve re- 
the 'earth^piik the macki^ o/jphu^M 
^pke to jiliech.^ ./ ' / .VV' 

, ‘ TJieqigpifession wJiicb.Arcj^iroedps made,)i>#:pf tA Hl8rA, 
king G^^ieily, iSjweJI kno^n, arid 
matins., ‘V Give me a point,*' 

“ a^iwUlmqve til? earthi ffpm>.iU;pli^ce.”„,.This a%Kls 
matter for a very curious 
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hov»f mucb Architn^es would have required to muve 
the eei^th Ohly oAelHc^b^ supposing his inachib& constructed 
and lifiathciruuioaily perfect ; that is to say, without friction, 
without^graylty, and Jii eomplete ^equilibrium. 

For this purpose, we shall suppose the matter of .Which 
the earth is composed to weigh SOO^iounds the cubic foot; 
being the mean weight neatly of stones mixed with Uie* 
taliic substances, such in all probability as'thosc coDtatnc4 
in the bowels of Uie earth. If .the diameter of the earth 
be 7930 miles, the whole globe will be found to contain 
261107411765 cubic miles, which make 14234991208825- 
44640000 cubic yards, or 38434476263S28705280000 cubic 
feet; and allowing SOO^.pounds to each cubic foot, we shall 
have 11530342879148611384000000 for the weight of the 
earth in pounds. 

^Now, we know by the laws of mechanics that, whatever 
be the construction o^ machine, the space passed over by 
the weight, is to that passed over by the moving power, 
in the reciprocal ratio of the latter to the former. It is 
known also, that a 'man can act with an effort equal only 
to about 30 pounds for eight or ten hours, without inter- 
mission, and witff a velocity of .tbout lOOOO feet per hour. 
If we suppose the nidchine of Archlo^pdes then to be put in 
motion by means of a crank, and that the force continually 
applied to it is equal to 30 pounds, then with the velocity 
of lOOOO feet per hour, to riise the earth one inch, the 
moving powder must pass over the space bf 384344762638- 
287052800000 inchest and ^ if, this space be divided by 
ipOOQ feet, 9 & 120000 inches, vve.siiaJi have for .quotient 
5af(fe^3p2l9857i5p40, which will be the ^umbCr of hours 
required for., this motion. But as a^year contains 8766 
hotti^, a cehtury will ebntain 876600; and if we divide 
th)b*above nqtUber^bf hOursr by the laiter, the quotient, 
86^745f16^¥()!3vHvfl! be fhe number bf 'ci^nturies during 
Which It Would “bu"?heces$afy to make the cranjs df the 
xnauhine UontlMUy titfh/in order to inoVC the earth only 
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one inch. Wc have omitted the fraction of,R century^ as 
being of little consequence in a calculation of this 

PROBLEM XIII. 

With a very small quantity of water; such as a jjew pounds^ 
to produce the effect of several thousands. (Plate 3 fig. 1 2). 

Place a cask on one of its ends, and make a hole in the 
other end, capable of admitting a tube, an inch in diameter 
and from I2 to 15 feet in length; whi<^ must be fitted 
closely into the aperture by means of ])itch or tow. Then 
load the upper end of the cask with several weights, so 
that it shall be sensibly bent downwards ; and having filled 
the cask with water, continue to pour some in through the 
tube. The effort of this small cylinder of water will be 
so great, that not only the weights which pressed the 
upper end of the cask downw'ards will be raised up, but 
very often the end itself will be bent upwards, and form 
jCh arch in a contrary direction. ’’ 

Care how'ever must be taken that the lower end of the 
cask rest on the ground ; otherwise the first effort of the 
water would be directed downwards, and the experiment 
might seem to fail. 

By employing a longer tube, the upper end of the cask 
might certainly be ml^c to burst. 

The reason of this phenomenon may be easily deduced 
from a property peculiar to fluids, of which it js an ocular 
demonstration, yiz, that wl^&n they press upon a base they 
exercise on it an effort proportioned to the bro^dth of thiit 
base multiplied by the height. Thus, though the. tube 
used in this experiment contains unlj|^about 1 50 or ItSO 
cylindric jnehes of water, the effort is the same if the 
tiflie equal in breadth to the cask, and4t the 
time 10 or 15 feet in height. 

f maphiiie is here supposed to be constauitljF in it 

kho'uli2l be worked only 8 hours each day, the time required w,outd bft UtTea 
Ij^imes Btrlongp. 
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Jnbthef Method, (Plate 3 fig. i^). 

Suspend from a^ook, welt fixed in a wallyor any dther 
firm support^ a body weighings lOa pounds or more; then 
provide A' pessel of aneh dimensions^ that bet areon .that 
body and its^sides, there shall be room for only one pound 
of water ; and let the vessel be suspended to one of the 
aims of a balance, the otner arm of which has suspended 
from it a scale, obtaining a weight of l<j& pounds. Pour 
a pound of water into the vessel suspended from the one 
arm of the bal^^nce, and it will raise the scale containing 
the 100 pounds. 

Those who have properly comprehended the preceding 
explanation, will find no difficulty in conceiving the cause 
and necessity of this effect ; for they are both the same, 
with this difference only, that the water, instead of being 
collected in a bylindric tube, is in the narrow interval be- 
tween the body l and the vessel, which surrounds it ; but 
this water exercises on the bottom of the vessel the^ame 
pressure ^Hat it would experience if entirely full of water. 

* Another Method, 

Provide a cubib foot of very dry oak, weighing about <50 
pounds, and a cubical vessel about al^c or two larger every 
way. If the cubic foot of wood be put into the vessel, and 
water be poured into it, when the latter has risen to nearly 
two tihirds of its height, the cut>e will be detached from the 
bottom, and float. Thus we see a weight of about 60 
pounds overcome by half-a-pound of water and even less. 

RcMARK.^Henbe ft appears that the vulgar are in an 
eirfor, tVj|bn they iiHligine that a body floats more readily 
in a largO of water tha^ in a small one. It will 

afv^s fioat^Ji^provided there be a sufiSiciency to prevent it 
from touching the bottom. If vessels are' lost at the mouths 
of ft'is*ndt t>«ieause the water is toosh^ow; but 

vdishlil are loaded ib much, as to be almost 
r^ady to &[)k> even in sicdt water. But as the water of the 

VOL. 11. C 
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sea is nearly a ^Otb part heavier eban''fre$h»'irater> when 
a ship passes from the one into the dtlier^ it mnst^stok 
iiQK>re and go to the bottom. Thusy an egg^'wbich -suika 
in fresh water, wiH float in water which holds in solution a, 
• great deal of salt. « 

1 The principle on which the foregoing esperiments are 
Performed, is ^ other than the famous bydrostalacaL 
paradox, and on^hich principle Mr. Bramah, an ingenkuiar 
engine maker, has invented a new power, in mechanics,, 
of such efficacy as to raise, with great eas^, the heaviest 
loads, or crush the hardest bodies. 

PROBLEM XIV. 

Ta find the zeeight of a cubic foot of water* 

To know the weighfriof a cubic foot of water is one of 
the most essential elements of hydrostatics hydraulics; 
and for that reason we shall here show how it may be a(V 
curatply determined. 

Provide a vessel, capable of containing exactfy a cubic 
foot, and having first weighed it empty, weigh it again 
when filled with water. But as liquids always rise con- 
siderably above the edges of the vessel that contains them, 
the result in this ca:^ will not be very correct. There 
are means indeed to Temed}' this defect ; but we. are 
furnished with a very accurate method of doing it by 
hydrostatics. 

Provide a cube of some very homogeneous matter, such 
as metal, each sidf of which is exactly 4 inches ; weigh U 
by a good balance, ip order to ascertain its we^ht, within 
a few grains; then suspend it'liy a^diair, or s^ong^^lk 
thread, from one of the scales of the same Jittlance, and 
again hud iis' .weight wf^en immersed in wa^« ,1^0 
taught by h 3 'drostatics that it will lose exactly 'Ri^ipu^h' in 
weight as the weight of an equal volume^ef i Tj!?e 

difference of these two tbereforUvWtlj[,be ||^ jUriE^^ 

of a cube of water, each side of which is 4 
27th part of a cubic foot. - . V\c 



TO MBASUaft TUB WBIOHT.OB LlQVOViS, 19^ 

' If.very greatprecision is not jroquirod^ provide a.cubeof 
Foetangakor paralleiopipedon^ of an3»^hom(^eneotia 
l^bter than^^ater, such> for .example, as wood; aad,' 
kamg^•weighed it as accurately as possible, iniriierse it 
gently in water, in such a manner that the water may not 
wet^ it above that point at which it ought to float abOve 
the liquid. We shall here suppose that imd (Bg. 14 pi. 3^) 
iSi the line, which exactly marks how n^h of it is im- 
mersed. .Find the content of the solid abcdmi, by muHif 
plying its base by the height; the product will be the 
volume of water displaced by the body; and this volume, 
according to the principles of hydrostatics, must weigh as 
much as the body itself. If this volume of water be 'iSO 
pubic incli^, for example, and if the weight 6f the body 
be 26^041^ pounds, we consequently know that 720 cubic 
inches of watpH^- weigh 26*0416 pounds. Hence it will be 
easy to determine the, weight of a cubic foot, which coQ>i' 
tains 1728 cubic inches. Nothing is necessary but to 
make this fjfroportion t as 720 cubic inches are to 1728, so 
are 26*0416 pounds to a fourth term, which will be 62*5 
pounds, or 62 pounds and a half; which therefore is thp 
weight of the cubic foot of water. 


T%0O liquors being given; to determine ^xfihirh of them is the 
* lightest. 

This problem is generally solved by means of a* well 
known instrument called the Areometec^Jor Hydrometer. 
ThU^ instrument is nothing else tban||t small hollow hall, 
joined to q. tube 4 or 5 inches in length <fig. 15 pi. 3) ; a 
few grains of shot, or a little mercury, being put into the 
bal], the whale is so combined, ^^liat in ^ater of mean 
gravity, the smalf ball and part of the tube are immersed. 

Xt may now he readily conceived that when. the iiistru- 
it put into any fluid, for e^mple river water, care 
most be taken to observe bow far it sinks in it; if it be 

c2 
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p]a<^ed in another kind of wiiter^'^udf^i^is' sea 
fi^^illktaticey it wilisimt tess ; and if tihtiiBr&ed iti aki;f 
Ifghteif than the first, such as oil fof « exathp^ itjdlf dixl: 

Thn^ If can be easily determined, ilftfeldUt^ 4b 
balance, which of two liquors is the heavier or -fight^* 
This instrument has commonly on the' tube a graduated 
scale, in order to show how far it sinks in the fluid. ' 

But this instl^ent is far inferior to that presented,^' ih 
1766, by M: de Parcieux, to the academy of scidice^; atid 
yet nothing is simpler. This instrument consists' of 
sttiall glass bottle, 2 inches or 2 inches and a half, at'ffiOSt, 
in diameter^and from 6 to 8 inches in length. The bottbiti 
must not be bent inwards, lest air should be lodged in the 
cavity when^it is immersed in any liquid. Tlte mouth ‘is 
closed wilb a very tigiH; cork stopper, into whira is fixed, 
without pasdng through it, a very straightj||^n wire, 2S or 
30 inches in length, and about a line in diameter. The 
bottle is then loaded iu such a manner, by introducing ihto 
it "grains of small shof,%jat the instrument, whe^imm^fsed 
id the lightest of the liquors to be compared, sinks so ks to 
leave only the end of the iron wire above its surface, knd 
that in the heaviest the wire is immersed some incites. 
This may! be properly regulated by augmenting or dimU 
nisbing either the wei^t with which the bottle is loaded, 
or the^iiameter of'^e wire, or both these at the same titefe. 
The instrument, when thus constructed, will exhibit, iir-li 
very sensible manner, the least difference in the specific 
gravities ’'of diflf&rent liqnors, or the changes which the 
same liquor may dl||^riencc, i^this respect, under difier- 
enfe circumstances; as by the efiecf'of heat, or bj^'-the 
mixture of various salts*L&c. ' ^ . , 

“ It may be^4|pidily cmiceivecf, that toDerBtmr'^ikp^ 
mimts opfiils kind, it will be fiecfesS'airy^Wtj^ea 'ressd^bf 
a suffii^nt depth, sucii as a cylinder 'tin>p1ate,'3'or 4 
inches^^diametcr, and #br 4 feel in leiiglh. “ 

We have seen an instrument of this kind the 'movement 





af^,wliich,.w%Sitfto lensible, that wlieii iiDOierscui. watei^ 
to tb^jUMi^l.tomporatute, jii su]»k.s^V€fal> «l|fth«^ 
the sun fell upoo^tho water, aiidJi»t;k|edi-> 
qo tbe rayg of that luioioairy^ing inter^iptod. 
^:r^Ty smail quantity of salt or sugar^ thrown ipto the 
lieat.€«>.made it also rise soine inches. ^ 

By inqipis of this instrumenty M. de Parcieux examined 
thegraTity of,di0erent kin^is of the mo^ ISebrated waters •, 
sunong .which was that drank at Paris; and he found that 
thp lightest of all was distilled water. The next in sac- 
qesttoh, according to their lightness, were as in the follow* 
jipg'prder; viz, the water of the Seine, that of the Loire, 
tlmt of Yvette, that of Arciieil, that of SaintP-Rcine, that 
of Ville d’Avray, the Bristol water, and welPw^ter. 

, We hedee see the error of the vulgar, who Imagiue that 
^ water of d'Avray, that of Sainte^Reme, and that 
of Bristol, pmicularly the last, brought to France, at ao 
great expence, are better than common river' water ; for 
they are,^n the contrary, worse, jlihice they are heavier. 

If different kinds of water differ in their gravity; the 
case is the same with wines also. I'lic lightest of all the 
known wines, at least in France, is thia Rhenish. The 
in succession are Burgundy,^^red Champagne, the 
wws of Bouedeaux, Languedoc, Spain, thb Canaries, 
4?yprus, &c. 

• ' Some years ago wc saw, exposed for sale, an Oimmeterf 
qr instrument for measuring the different deg^es of the 
grayity of. wines. It consisted of a J^sJlow silver ball, 
jiqiiied to a small plate ofjhe same 3 or 4 inches in 

l)emg|ii,.and a line or a line and a halfin breadth, on which 
were marked the divisions that indicated how fax tbe in- 
s||^f|^tCi^Ug|it to sink into the Afferent iu^ of wine. It 
jre^ily^en that this was only tEe common areo- 
npietar^ cunatructed of silver. 

The lightest, of all the» knovm liquors is etbcn The 
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Others, which follow in the order of gravity, are, alcohol, 
oil dl^urpentinc, distilled water, rain water^iver wRter^^ 
spring water, well water, mineral waters. ^%raong" thfe 
tibles^nnexed this part of the work, the reader wilt 
. find one containing the specific gravity of various liquors, 
compared with that of rain water; which," being the easiest 
procured, may sprve as a common standard, and also the 
specific gravity dl the different solid bodies, whether be- 
longing to the mineral, vegetable, or animal kingdom"; 
which will donl)tless be found very useful, as it is often 
necessary to have recourse to tables of this kind. 

As the following rules, for calculating the absolute 
gravity, in English troy weight, of a cubic foot and inch, 
English ni^^ure, of any substance, whose spcci^c gravity 
is known, ^ay be of use to the reader, the Translator has 
thought pi'oper to subjoin them to this v|^ticlc of the 
original. r 

In 1696, Mr. E>erard^ balance maker to the Exchequer, 
weighed before the cmiimissioiiers of the hpiis% of com- 
mons, 214'5*e cubical niches, by the Exchequer standard 
foot, of distilled water, at the temperature of 55 °, of Fah- 
renheit, and found that it weighed 1131 oz. 14 drs. Troy, 
of the Excbeijuer standard. The beam turned wdth 6 
grains, wheft loaded with 30 pounds in each scale. Hence, 
supposing the poun||.averdupois to weigh 7000 grs, Troy, 
a cubic foot of water weighs pounds averdupois, or 
1000 ounces averdupois, wanting 106 grs. Troy. If the 
specific gravity of y ater therefore be called 1000, "the pro- 
portional specific gr|^ities of all^other bodies will express 
nearly the number of averdupois ounces in a cubic fool. 
Or, more accurately, stmposing the specific gravity-of 
water ^ipiressEj^y 1, ado that of all other bodies in pro- 
poriional numbers, as^the cubic foot of^|^.er weighs; "Ht 
the above temperature^ exactl}*^ 437489’4 grains Troy, 
and. the cubic inch of water 75 grmns^ the absolute 
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weight pf. a cubjical foot or inch of any body, in T?oy 
grains, may he found by multiplying its specific jgc|kv^ity 
by either ofldie above numbers respectively, 
i .. By .Gerard's experiment, an^^tbe jp'oportions of the 
Ji!nglish and French foot, as cstablishea by the R^al Sp- 
f^iety and French Academy of Sciences, the following 
numbers have been ascertained : 

Paris grains, in a Paris cube foot of wa^.r . . 6455 1 1 

English grains, in a Parts cube foot of water . 5299^2 

Paris grains, in an English cube foot of water . 533247 
English grains in an English cuhe foot of water 437489*4 
English grains in an English cube inch of W 4 |er 253*175 
By an experiment of Picard, with the mccSiire 
and weight of the Cliatelet, the Paris cnbft^^t 
of water contains of Paris grains , . . 641326 

By one of I^^lamel, made with great care ’ , 641376 


By Homberg , * . 641666 

Thes^ results show some nne^^inty in measure or in 


weights ; but the above computatn3i) from Everard*s ex- 
periment maybe relied on; because the comparison of 
the English foot with that of France^, was made by the 
joint labour of the Royal Society of London, and the 
French Acadcuiy of Sciences. It agrees bitwise, very 
nearly, with the weight assigned by Lavoisier, which is 70 
Paris pounds to the cubical foot of fitter. 

PROULEM XVI. 

jTo determine whether a mass of gold or silver f"" suspected to 
be niuyfd, is pure iS not. 

If the mass or piece, the fineness, of which is doubtful, 
be silver for example, provide dnotlicr of good silver 
equally^ heavy so that the two pieces when put into the 
^aljps pf a very*accuratc balance may remain in^equiHbrio 
auc.. Then suspend these two masses of ^ilver from 
tlie scales of the balance, by two threads or two horse- 
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li-t 

liaird, to prevent the scales from being tretted:#lien^tbe^ 
twD,|i^8se& are immersed in the water: if the masssa are 
of e^al fineness, they^tviil remain in' eq^jlpHao .in the 
water, as they di|i^wbm in the air; but if> tbej^ptoved 
mass #bighs less in water, it is adulterated; that 
is mixed with some other metal, of less specific gravi^ 
than that of silver, such as copper for example; and if it 
weighs more, it^iit mixed with some metal of greater spe^ 

, cific gravity, such as lead. 

Remabks.— I. This problem is evidently the same as 
that whose solution gave so much pleasure to Architifledeii." 
Hiero, king of Syracuse, had delivered to a goldstpith^a 
certain qnaiftity of gold, for the purpose of making a 
crown. WJimn the crown was finished, the kipg enter* 
tained soA jauspicion in regard to the fidelify of the 
goldsmith^ftd Archimedes w'as consulted igapecting the 
best meat^^< detecting the fraud, in cas^ine bad been 
coihmitted. ^he philosopher, having empfoyed the abeve 
process, discovered thi^t the gold, of which the crown 
consisted, was not pure. 

If a large mass of metal were to be examined, as in the 
case of Archimedes, it would be sufficient to immerse the 
mass of gold or silver, known to be pure, in a vessel of 
water, and^hen the suspected mass. If the latter ex- 
pelled n|ore water ^m the vessel it would be a proof of 
the metal being aduiffirated by another lighter, and of lesfr '^ 
value. 

But notwithstanding what Ozanam says, the dif&reiiGe 
between the weight in air and that in water will indicate 
the mixture with mote certaintj^ for every body knowa 
that it is not so easy, as it may at first- appear, to measure 
the (|naiitiiy wi^er expdUed from any vessel. 

II. iteordin^ mslihemadcal rigour, '^bd' tiT^ maSies 
oug^t to be weighed in vacuo*; for xince^ air » a fluid, 
it les^s real gravity of bodies by a quantity eqm^ to* 
the weight of a similar volume of itself. Sincer the two 
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nMtssea.then^. tlie one pure and the other adfdtmted/ «rh 
unequal in volume, they' ought to lose- unequal quap^tieB 
q£ ^eir wdgpp: in the air. • But tliC' great tenuity. air, 
inxegadl.to that of water, renders tl^ saudl error 
aensible; • > # . 

^ PROBLEM XVII, s 

same supposition made; to detemii^ theqmrUity of 
mixture in the gold, 

■The ingenious artifice employed by Archimedes, is con- 
tidned^in the solution of this problem, and is as follows, 
^^J^nspecting that the goldsmith had substituted silver or 
copper for an equal quantity of gold, he ^weighed the 
c rown in water, and found that it lost a weig^. which we 
ftCairoallj^Aj; he then weighed in the same flul« mass of 
puretooidj wjb^h in air was in equilibrio wif^^e crown, 
and foi^d tl^r^t lo$ta weight, which we sIw^IKb; be 
next took a mass of ^ilver, which in air wSis equal in 
weight to the crown, and weighi^ it in water, found 
that it lost a quantity c. He tlien employed this propor- 
tion : as the difference of the weights b and c, is to that 
o§ the weights a and b, so is tlie whole weight of the 
crown, to that of the silver mixed m it. The answer, in 
this case, may be obtained by a very shor&^lgebraical 
caloulation, though the reasoning ia^/ather too^proHx^ 
we? shall however explain it after having illustrated this 
rule by an example. 

Let us suppose that Hicro’s crown weighed 20 pounds 
in the air, and that when weighed in w'ater it lost a pound 
and a half. Archimedes, '%y weigliirrg in air and in water, 
a'tnass of gold containing 20 pouims, must iiave found a 
difference ItV pound; and by'weigbin|^ in like' manner 
ai inasa ||f‘«ilver«of 20 pounds, be^piust have found a dif- 
femncC^Of pound. As a, in this case, is equal to 4i B 
to -If, and c to 4 ^; henoe the difference of a ahd a is ’f, 
and that of a and ods -|$f. : we must therefore use thofol* 
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lowing proportion : as arc to f}., so is >20. to ft foui^h 
tCTf^which will be = lbs. 8 oz* 5 dwts. 

ThTe reasoning which conducted, or ini|||it have con- 
ducted, the Syracusan philosophe'r to this soIutSon, is as 
foUo^. If the whole mass were of pure gold, it wouki 
lose, when weighed in water, of its weight ; and if it 
were of pure silver, it would lose, when weighed in water, 
of its weight: consequently, if it loses less than the 
latter quantity, and more tiian the former, it must be 
a mixture of gold and silver; and the quantity of silver 
substituted for gold will be greater as the quantity of 
weight which the crown loses in water approaches nei9:er 
to and vice versa. This mass of 20 pounds tlien must 
be divided into two parts, in the ratio of the following dif^ 
ferencesti^iz, the difference between the loss which the 
crown exp^icnccs and that experienced by ,^hc pure gold ; 
and the dfilferciice between the loss experienced by the 
crown and that experienced by the pure silver; these will 
be the proportions of the gold and silver mixed together 
-in the crown : and from this reasoning is deduced the pre«» 
ceding rule. 

We must here observe that it is not necessary to take 
two masses, one of gold and another of silver, each equal 
in weight ip tlic crown. It will be sidficicnt to ascertain 
that gold loses a ^th of its ^veight, when weighed in 
water; and silver one llth, aiid perhaps this was really 
the method employed by Archimedes. 

PROULKM xvjir. 

Suppose there are two boxes exactljj of the same size^ similar 
and of equal weight, the one edfttaining gold and theother 
silver : is ft possible, bij uny mathematkal means, ta 
tihuine which contains the gold, and which the s^vprf 
(^, if we ^suppose t^o balls, the one made of gold and 
J^ollm, the other of solid silver gilt, is it possible h 
f guish the gold from the silver Y , , 

In the first case,, if the masses of gold and stiver ^are 

I 
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placed exactly in the middle of the boa ivbich ioTih 
toinsit, so^tbat their centres of gravity coincide^ 
may be said^^ the old books on Mathematical li^rea- 
tions, weSvill assert tb^^t there are no me^ns of distit^uish- 
ing them, or at least that the methods proposed lie de- 
fective. . X 

The case is the same in regard to the two similar globes 
of equal size and weight. ^ 

If we were however under the necessity of making a 
choice, we would endeavour to distinguish the one from 
the other in the following manner. 

'^e would suspend both balls by as delicate a thread as 
possible to the arms of a very accurate balance, such as 
chose which, wdien loaded with a considerably^ weight, are 
sensibly affected hv the difference of a grain. "^Ve w'onld 
then immerse^thc two balls in a large vessel- filled with 
water, heated to the degree of ebullition, and' that which 
should preponderate we would consider '^iis gold. For, 
according to the experiments made on tlie dilatation of 
metals, the silver, passing from a mean temperature, to 
that of boiling water, would prtihab!}' increase more in 
volume than the gold ; in that case the two masses, ivliich 
in air and in temperate water, were in cqniiihrio, would 
not be so in boiling water. 

Or, we might make a round hole in a plate of copper, 
of such a size, that both balls should ]^ass (‘xactly through 
it with ease; w^c might then bring tlu m to a strong de- 
gree of heat, superior oven to that of boiling w'ater. Now, 
if w'e admit that silver expands more than gold, as above 
supposed, we aught apjily each of them to the bole in 
question, and the one which experienced the greater diffi- 
culty in passing, ought to be accounted silver. 

' PROBLEM XlfC. 

TwdinUtntd planes ab and ad beipg given, and two unequal 
spheres p and p ; fo bring them to an equilibiHum iivthe 
^ngle, as seen in the figure (pi. 3 fig. 16), 
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globes F and p, will be in equilibrio if,tbe poffers 
wltjMbich they repel each other» in the direction of ^ 
line^c, which joins their centres, are equa)^^. 

But, the force with which the gtobe p tends to descend 
along^he inclined plane ba, which is known, the inclina- 
tion of the plane being given, is to the force with which 
it acts in the direction c c, as radius is to the cosine of Jthe 
angle c c f ; and^ in like manner, the force with which 
the weight p descends along da, is to th^-with which it 
tends to move in the direction cc, as radiusis to the cosine 
of the angle c cf : hence it follows, that as these secopd 
forces must be equal, the cosine of the angle c must hj^e 
the same ratio to the cosine of the angle c, as the force 
with which globe p tends to roll along ba, has to tba| 
with whiejh p tends to roll along da. The ratio of thesp 
cosines th^fore is known; and as in th^triangle coe 
the angle q ;s known, since it is equal to tli^angle dab, it 
thence folio Ws that its supplement, or the sum of the twp 
angles c and c, is also known ; and hence the problem is 
reduced to this, viz, to dividing a known angle into two 
such parts, that their cosines shall be in a given ratio; 
which is a problem purely geometrical. 

But, that we may conhne ourselves to the simplest casc» 
Ave shall suppose the angle a to be a right-angle. Nothing 
then will be necessary but to divide the quadrant into two 
arcs, the cosines of which shall be in the given ratio, 
which may be done with great ease. 

Let the force tlien with which p tends to move along its 
inclined plane be equal to m ; and that of p to roll along 
its plane,,<|qual to m. Draw a line parallel to the plaiiO 
AB, ^^]iJistance from it equal to the radius of the globe 
p, aW Another parallel to the plane da, atodistto^cefrom 
it cq^^al to the radius of p, which will intersect each other 
in qj; haying then made ol to o /, as m to eoiiloy;,^ 
fol^wing proportion : as lHs to lo, sp is the sum of .the 
of the two globes to gc ; aqd from the point p, draw 
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cc pmlfel'tb £/; the points t and € wiil be jbWe places of 
jtli^ cbn^ii^ of fhe hvd globes^ and in thk, 
they will beSi eqiiilibrio; ‘ ^ 

' is 1 ^ ' i. ’ . , ‘ \ 

-PROBLEM XX, " ‘ . 

Two bodies, P and q, depari at the same time from twopohftd 
A and B, of tm lines given in position, and move towards R 
*' and b, with given velocities : required their position when 
they are the^arest to each other possible f (PI. 3 fig. 17.) 
‘ If their velocities were to each other in the ratio of the 
lihes'BD and ad ^it is evident that the two bodies would meet 
itf 'But supposing their velocities different from fhat^ 
there will be a certain point where, without meeting, they 
will be at the least distance from each other possible ; and 
after that they will continually recede from^,&ch other. 
Here, for exi^plc, the lines btj and ad are i^arl^ equal! 
If we suppose then that the velocity of p is W that of g, 
in the ratio of 2 to I, required the point of the nearest 
approach. 

Through any point r, in ad, draw the linp rs parallel 
to BD, and in such a manner, that ah shall be to rs, as the 
velocity of p is to that of g ; that is to'say, in the present 
case,' as ^to I ; produce indefinitely the line ast, and 
from the point b draw bc perpendicular to at ; through 
the point c draw ce parallel to bd, till it meet ad in e; 
and having draw'ii ef parallel to cb, meeting bd in F| the 
points F and e, will be those required. 

PROBLEM XXI. 

To eause a a^Under to support itself on a plhne^ inclined to 
^ ho^on^ withoHt rolling down; and even toasi^da 
« '4iiileitSong that plane. (PI. 4 fig. 18). 

' '*lf a cylinder he homogeneous, artd placed on ah inclined 
axis bbing in a horizontal situation, it is evident 
tfiUt'h iriil roll down ; because its centra of gtlvitybbtng 
f!i6 ]^ihc as that of the* figure, the^ertical line,*dMvn 
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from this centre, will always fall beyond the pointrof eonf 
tacti^ the lowest side ; consequently the body must of d&* 
cessily roll down towards tiiat side. 

But, if the cylin.ler be heterogenous, so that its centre 
of gravity is not that of the tigure, it may support jtself on 
an inclined plane, provided the angle which the plane 
makes with the horizon does not exceed certain limits. 

Let there be a cylinder, for example, of which hfd is a 
section pcrpcncicular to the axi.s. To remove its centre 
of gravity from the centre of the figure, make a grove in 
it parallel to Us axis, of a setnicircnlar iorai, and fill it 
with some substance f much heavier, *<0 that the centre of 
gravity of the cylinder shall be removed (roin c to e. Let 
the inclined plane be ab, and let bg be to ga in a less 
ratio than cf to ce. The cylinder may then support it- 
self on the inclined plane, without rolling dpwii ; and if it 
be moved Irorn that position, in a certain direction, it will 
even resume it by rolling a little towards the summit of the 
plane. 

For, let us suppose the cylinder placed on the inclined 
plane with its axis horizontal, and Us centre of gravity in 
a line parallel to the plane, and passing through tlie centre, 
in such a manner that the centre of gravity shall be to- 
wards the upper plirt of the plane, fig. 19. Through the 
point of contact, d, draw cdh, perpendicular to the in- 
clined plane, and loe perpendicular to the horizon. We 
shall then have bg to ga, or bi tp io, as 01 to 111, or as 
DC to ce; and since the ratio of B#tb ga is less than that 
of CF or CD to CE, It follows that ce is less than ce, con- 
sequently the vertical line drawn from the point e will fall 
witbj^'t the point of contact toward.^ a ; the body there-' 
for^ill have a tendency to fall on that side’, and will roll 
towards it ascending a very little till Us centre of gravity 
E liAs assumed a posituiii as seen fig. iS, where itcdincides 
with the vertical line passing through the point of contact* . 
When the cylinder stjrnvcs at this situation, it will main- 
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tain itselli doit, provided neither its surface nor that of the 
piane be so. smooth, as to^ admit of its 8 lidiog.'paralh|t’^^ 
itself* 111 thiarsi'uation it will even have greater staonitj,. 
according as the ratio of bg to OA is less than that of Of 
OF CD tQ CE, or as the angle abg or CDC is less^thait' 
ODK, 

This is also a truth which we must demonstrate* For 
this purpose, it is to be remarked that e, the centre of 
gravity of the finder, in roiling along the inclined plane, 
describes a curW, such as is seen in fig. 2O; this is what 
geometricians call an elongated cycloid, which rises and 
descends alternately below the line drawn parallel to the 
inclined plane, through the centre of the cylinder. But, 
the cylinder being in the position represented in fig. 20 , 
if the line kb be drawn from the centre of gravity to the 
point of contact, it may be demonstrated that the tangent 
to the point e of that curve, is perpendicular to de : if the 
inclination of the plane therefore is less than the angle 
CDE, that tangent will meet the horizontal line towards the 
ascending side of the plane ; and the centre of gravity of 
the cylinder will then be as on an inrliiicd plane ik ; con- 
sequently It must descend to the point o( the hollow of 
the curve, which it describes, w'herc tliai curve is touched 
by the horizontal line, * 

When it reaches this point it cannot deviate from it, 
without ascending on the 01^^ side or ine other : if it be 
then removed a little frpm thts point, n will return to its 
f(H:mer position, * 

1*110 BLF.M XXII. 

To Cffiisi7'iui a dock which shall point out the hou/rs^ by 
f , rolling down an inclined plane, ’ 

,Thistunall machine, invented by an Englishman named 
WJbeeicil^ is exceedingly ingenious^ and is founded. on the 
principle xontained in the solution of the preceding 
problemt v 



^2 A ftOtLING CLOCKS 

it CQtiaists o£ a cylindrical box, made of ^iorS 
inc^ in diameter, and having on one side a dial plate, 
divided into 12 or 24 hours. In the inside, represented by 
lig. 21, is a central wheel, which by means of a pinion 
moves a second wheel, and the latter moves a thirdi &c, 
while a scapement, furni^ed with a balance or spiral 
spring, acts . the part of a moderator, as in eommon 
watches. To the central wheel is affixed a .weight p, 
which must be sufficient, with a moderii^ inclination, as 
20 or 30 degrees, to move that wheel,, and those whi^h 
receive n^on from it. But, as the machine ought tO‘be 
perfectly in equilibrio around its central axjs, a counter- 
acting weight of such a nature, that the machine shall be 
absolutely indifferent to every position around this axis, 
must be placed diametrically opposite to the small system 
of wheels 2, 3, 4, &c. When this condition has been ob- 
tained, the moving weight p must be applied ; the effect of 
which will be, to make tlie central wheel, 1, revolve, and by 
its means the clock movement 2, 3, 4, &c ; but, at the same 
time that this motion takes place, the cylinder will roll 
down the plane a little, which will bring the weight p to 
its primitive posj^on, so that the effect of this continual 
pressure will make the cylinder roll while the weight p 
changes its place'^felativcly, in regard to the cylinder, but 
not in regard to the vertical line. . The weight p, or the 
inclination of the plane, be regulated in such a man- 
ner, that the machine sliall ^^rfou^’a whole revolution in 
24 or 12 hours. The handle mus^^ affixed to the com- 
mon axis of the central wheel and weight p ; so that it 
shall alwajrs look towards the zenith or the nad^. If more 
ornam^g^ are required, the axis may support a small globe 
widliwure placed on it, to point out the hours with its 
fingi^imised in a vertical position. It may be readily eon- 
cj^M, that when the machine has got to the lowest part 
cpibe inclined plane, to make it continue geing,' nothing 
will be necessary but to cause it to sdeend to the Idgfiest. 
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it gjse^ather tcro slow, its movement ma^"'l>e acoe^ 
lerattid by raising up the ihclined plane, anft\ice vi^a, 

PROBLEM EXIII. 

TV Gimtrwt a dress^ hy means of which it will he impossible 
to sink in the water, and wliSith shall leave the person, who 
wars it, at full freedom to make every kind of m&oe^ 
< menL 

As 'a man \^ghs very nearly the same as an'equal vo- 
'lutne of water, it is evident that a mass of some substance 
much lighter than that fluid may be added to bH^^body, by 
which meaiif both together wdl be lighter than water, and 
of course must float. It is in consequence of this principle 
that, in order to learn to sv\im, some people tie td' their 
breast and back two pieces of cork, or affix full blown 
bladders below their arms. But these methods are at- 
tended with inconveniences, which may be remedied in 
the following manner. 

Between the cloth and lining of a jacket, without arms, 
place small pieces of cork, an inch and a half square, and 
about Ijalf or three quarters of an inch iti thickness. They 
must be arranged very near to each ,Q|dier, that as little 
space as possible may be lost; but yet^not so close as to 
affect ill any great degree the" flexibility of the jacket, 
which must be quilted to prevent their moving from their 
places. The jacket must made to button round the 
body, by means of buttons, well sewed on ; and to 

prevent its slipping it ought to be furnished behind 
with a kind of girdle, so as to pass between the thighs and 
fasten befwe, \ 

' By lUeanfS of such a jacket, which will occasion as J^tle 
embarrassment as a common dress, people may, throw 
themselves into the water with the greatest safety ; for if 
it be .{n^perly madh the water will not rise over their 
ahoubh^B. They will sink so little, that even a deiftd body 
iil,.that.%itiaation will infallibly float. The wearers there- 
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fore need mdke no effort to support ai)d while 

il^ water ifhoy may read or write, and; even load a, pistol 
and fire it. In the year |767 an experimeplT was made of 
all these tilings, by the abb4 de la Chapelle, fellow of the 
royal society of London, whom this jacket in- 
vented. ^ 

It is almost needless to observe how useful this inven- 
tion might be on land as well as at sea. A sufficient uUm- 
ber of soldiers, provided with these jacki^^ might pa^ a 
deep and rapid river in the night time, armed withpiai;ol 9 
and sabrd% and surprise a corps of the enemy* If repulied^ 
they could throw themselves into tlie water, and 
without any fear of being pursued. , , 

During sea voyages, the sailors, while employed in datL* 
gerous manceuvres, often fall overboard and sire lost} 
others perish in ports and harbours by boats oversetting 
in consequence of a heavy swell, or some other accident; 
in. bhorti some vessel or other is daily wrecked on the 
coasts, and it is not without difficulty that only a part of 
the crew are saved. If every man, who trusts himself 
this perfidious element, were furnished with snch a^eprk 
jacket, to put OD^uring the moments of danger, it i^eyir 
dent that many ^ them might escape death. 

PROBLEM XXIV. 

To construct a boat which ci^ot be sunk, even if ike wit^r 
should enter it on aU sides, 
a boat to be made with dCfal&e bottom, placed .at 
such a;di^nce i’rom the real oiie^ as may be pepportioiied 
to the leif^h of the boat, and to its burthen the itn.m- 
b^of persons it is intended to carry. Acc^didjg. ter* the 
most ji^urate ^Calculation, this distance, Jn our opinion, 
one foot, for a boat 18. feet in lei^th,;^d'3.or 6 
'Ehe vac uit y between thi I 

r veai nd^iiinght to be fill(3d up with pieces o£ cork, pla^^as 
near to each other as ppsigble: andasthe ffilse bottonl^FiU 



lessen tfcfe ef tie boet; they be r^feed’^fopdpt* 
tionally ;- kcLviVigier^e apetCuireS) that the water thrc^wn^ 
into the vessel may be able to run off. It may be propeiT' 
also to make the stern higher, and to furnish it witha deek^> 
thki the people may take shelt^ under it, incase the boat 
should be thrown on its side bjithe violence of the wavbsi 

Boots constructed in this matter might be of great 
utility for going on board a vessel lying in a harbour, 
perhaps 'several ^iles from the shore; or for going on~ 
shore from a ship anchored at a distance from the land. 
Unfortunate accidents too often happen on sucH^tweasioi;^,. 
when- there is a heav}’^ surf, or in consequence of sOihe 
sudden gust of wind ; and it even appears that sometimes 
the greatest danger of a voyage is to be apprehended under. 
circUmsflfnces of this kind. But boats constructed on the 
above principle would prevent such accidents. 

Milch we confess is to be added to this idea, presented 
here in all its siniphcity ; for some changes perhaps ought 
to be made in tlie form of the vessel ; or heavy bodies 
ought to be added in Certain places to increase its stability. 
Thisis a subject of research well worth attention, as tbe'^ 
resulf'iof it might be the preservation of ^thousands of lives 
every year. 

For this invention we are indebted to M. de Bernieres, 
one of the four controllers general of bridges and causways; 
who in 1769 constructed a boat of this kind for the king. 
He afterwards construct^ another with improvements for 
the duke de Chartres and a third for the marquis de 
Marigny. The latter was tried by filling it or 

endeavounlig^d make it overset ; but it righteili^ sooft as' 
left^'fb itae)f;'^ftnd though filled with water^ was stall e|^' 
to cavrjpf si^ persons. v ' 

By this ioventibn the number of accidents wbfqh bdfall 
those lead a sea^faring life, may in futu|d b^d^inisb* 
ed'f buf the iniUfference with which the invention of Mjde 
l^imieifes was reedved, shows regardless men dreof 
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file inosi' useful discoveries, lyben tli#gen^aHwtCrteW bf 
bunianity bntf are concerned, and trheti trouble and ex- 
pence are required io render them practically useful 

* ■ ' I iV- * " 


PROBLEM XXV. 

Haw to raise from the h^m of the sea a vessel which 
^as sunk. 

This difficult enterprise has been several times accom- 
plished by means of a very simple hydrostatical principle, 
yiz, that if a boat be loaded as much as possible, and theli 
unloaded, it tends to raise itself with aforce equal to that of 
ihe weight of the volume of water which it displaced when 
loaded. And hence we are furnished with the means of 
employing very powerful forces to raise a vessel that has 
been sunk. ^ ' 

The number of boats employed for this purpose, must 
be estimated according to the ^ size of the vessel, and by 
considering that the vessel weighs in water no more than 
the excess of its weight over an equal volume of that fluid ; 
unless the vessel is firmly bedded in the mud ; for then she 
must be accounted of her full weight. The boats being 
arratiged in two rows, one on each side of the Sunk vCssef, 
the ends of cuble^ by means of divers, must be made fast 
tddiflerent parts of the vessel, so that there shall’ be foilr 
on each side, for each boat. The ends of these cables, 
which remain above water, are to be fastened to the head 
and stern of the boat for which they are intended. Thus, 
if there are four boats on each side, there must be 32 
cables/ flyhg 4 for each boat. ’ ^ ’ ’ 

When every thing is thus arranged, tli6 tohe 

load^'as much as they will bear without .sitifiing, an(f ^ 
be kretched as much as possible. The bdilt's 
Sfipnen to be unloaded, two and two, and if th^rai^^e 

iwftftrafited on tfaw principle* and knqwp under, t}ie 
boati^ eiVe now ubcd we believe on d^rent parts |be British coastl'i par* 
ticularly at Shields, &e, 





i»> «gi!.tj^,^5^i$a a|ifl^^w2nt«aji\^f ^fjtbein^ 
b||it, |n raising £K^;vesj!$l^ l|ie 9d^les al^xe^jto the bcAts 
whh^ loade^ill^become and for this reasot^ 

ihay must be again stretched as much as j^ssiblel 'The 
rest of the boats are then to be/UiHoaded, by shifting their 
ladling iQt^.:ti)e former. Tiipressel \yill iht^s berais^c|.a 
little more, and tlie cables of the loaded boats will becOme 
alacMi these cables being again stretclied, the lading of the 
lat^r boats must be shifted back into the otli^rS| which 
^ili .raise the vessel still a little higher ; and if this operas 
tion be repeated as long us necessary, she may be brought 
tp the surface of the water, and conveyed into port, or Into 
dock. 

An account of the manoeuvres employed to raise, in this 
mannefV^the Tojo, a Spanish ship belonging to the Indiah 
fleet, sunk in the harbour of Vigo, during the battle on the 
10th of October 1702, may be seen in the M^moires digs 
Academiciens etrangers, vol. 2. But as this vessel bad re* 
mained more than 36 years in that state, it was imbedded 
in a bank of tenacious clay, so that it required incredible 
labour to detach it ; and when brought to the surface pf 
the, water, it contained none of the v^uable articles ex- 
pected. It had been one of those unloaded by the Spani- 
ards themselves, before they were sunk*^; to prevent tbein 
from falling into the hands of the English. 


Additions, 

On the same principle is constructed the camel, a ma- 
chine employed by the Dutch for carrying vessel^ 
laden over the sand banks in the Zuyd&r.Zee. In that sea, 
opposite tef?4l)e mouth of the river V, about six miles from 
Amsterdam, there are two sand banks,^ bet v^en 
ia a passage, called the Pampus, sufficiently deep 
to soikll vessels, but not for those which are large and 
laden. On diia account ships which are onttvaid 
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bound} fake' in beforje the city 6iO^J 

cai^o, receiving the irest when they got tibj^n^ the 
' Pcinipus. And those that are homolli^rcl bound mu^Jia, a 
gr^t measi^ unload before they enter it. Fotf 
- son the goods are put into lighters, and in these tran^o^d 
to the warehouses of the |^rchants in the city ; an!} the 
large vessels are then m^e fast to boats, by m^nsh jof 
ropes, and in that manner towed through the passage, to 
their stations. , ,, , 

Though measures were adopted, so early as the.H^iddle 
^ the sixteenth century, by forbidding ballast tp bje thrown 
into the Pampus, to prevent the farther accuihulatiop of 
sand in this passage, that inconvenience increased so much, 
frOTti other causes, as to occasion still greater, obstruction to 
trade ; and it at length became impossible for shi||^.of war 
and others heavily laden to get through it. About the 
year 1672, no other remedy was known, than that of 
making fast to the bottoms of ships large chests filled with 
water, which was afterwards pumped out, so that the ships 
were buoyed up and rendered sufficiently iightSo pass the 
shallow. By this method, which was attended , with, the 
utmost difficulty, the Dutch carried out tlieir numerous 
fleet to sea in the abovc>mentioned year. This plan, how- 
evCf gave rise soCn after to the invention of the camel, fiy 
^hioh the labour was rendered easier. The camel CPfl^ts 
of tWo half ships, constructed in such a manner that they 
can be applied, below water, on each side of the hull pf a 
large vessel. On the deck of each part of t]ie cancel are 
a gr^t many horizontal windlasses; from whic4 
proc^ through apertures in the one half, and, being fer- 
ried under the keel of the vessel, enter similar 
in'fh^^her, from which they are conveyed to the^^iriud- 
deck. When they are to ^sed, aa |)|y|ph 
wat^as tpay be necessary is suffered tofon 
ropes are cast loose, the vessel is llpnduptpd 



tliei!^; «hd^tg« lam^iire ^^«ced horhsontally;. 
poi% hoJes of thi|i^^ffiiel> with thefr en^»^rt$tjing ^ tW 
ciunel, oti each sid^' \^en the rogtis ajre made so 
' ^bat th$ ship is secured between the t\y(^ parts of the 
\^ater is pumped from them, by which ifitiiiafts 
rise, and raise the shif^ong with tbem.v.,^h^ach half 
of-ib® camel IS generally 127 feet in length $ the breadth 
at‘One end is 22, and at the other 13. The hold is dmcM 
itito several compartment, that the machine may be kep^ 
In eqnilibfio, while the water is flowing into it* An £ast* 
Ihdia ship that draws 15 f^et of water, can by 'the help ^f 
the Camel be made to draw only 1 1 ; and the heaviest $hips 
ef wai*, of 90 or 100 guns, can be so lightened as to^ass 
Without obstruction all the sand banks of the ZuydetZpe. 

L^i|fold, in his Theatrum Machinarum, says that the 
camel was invented by Cornelius Mever, a Dutch engi* 
neer. But the Dutch writers, almost unanimously, ascribe 
'this invention to a citizen of Amsterdam, called Meettves 
Meindert|zoon Bakker. Some make the year of the in- ^ 
veiUion to have been 1688, and others 1690, However' 
this may be, we are assured on the testimony of,B‘akibcr 
himself, WTitten in 1692, and still preserved, that in the 
'month of June, when the water was at its usual height, 
he conveyed in the course of 24 hour.v, by the hoJp of the 
eamel, a ship of war called the Maagt van P^nkbuysen, 
which was 156 feet in length, from Eitkhuysen^Hooft, to 
a place where there was sufficient depth; and that this 
could have been done much sooner had not a'^perfect cairn 
prevailed at the time. In the year 1693, he raised a ship 
called the Unie^ € feet, by the help of this marine, and 
'€Cmducted«her to a place of safety, 

As ships built in the Newa cannot be convey^ into 
Ml:b6ur, 'oii account of the sand banks forAbdby the cUr- 
'^'yec0t?bf that river, camels are employed alsaby.the Kus- 
to carry ships over these shoals : and they have them 
of various sizei^ Bernoulli saw one, each half of which 
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was 217 feet in length, and S6 in bfeadtht Camels are 
used likewise at Venice*. 

' . * V 

( ' 

' PROBLEM XXVI. 

' Sf ' ' ^ 

Jh make a body ascend as if of itself along an inclined pUmOf 
in consequence of its own gravity. 

Provide a double cone (fig. 22 pi. .5'), that is,, two rigpht 
cones united at their bases, so as to have a common axis. 
Then make a supporter, consisting of two branches, form- 
ing an angle at the point c (fig. 23), which must be placed 
insuch^a manner, that the summit c shall be below the 
horizontal line, and that the two branches or legs shall be 
equally inclined to the horizon. The tine ab must be 
equal to the distance betw'een the summits of the double 
cone, and the height ad a little less than the radius i)f the 
base. These conditions being supposed, if the double 
cone be placed between the legs of this angle, it will be 
seen to roll towards the top ; so that the body, instead of 
descending, will seem to ascend, contrary to the nature 
of gravity : this however is not the case ; for its centre of 
gravity really descends, as we shall here show. 

Let ac (fig. 24) be the inclined plane, containing the 
angle acb ; ce the horizontal line, passing through the 
summit c, and consequently ea will be the elevation of the 
plane above the horizontal line, which is less than the ra- 
dius of the circle forming the base of the double cone. It 
is evideut that when this double cone is at the summit of 
the angle, it will be'as seen at cd; and when it reaches the 
highest part ol the plane, it vill have the position seen at 
af; its ctmtre then w ill have passed from d to a, and sinco 
dc is eqii3 to of and ce is tl c» horizontal line^ *^ will be 
a dj^iiiiig below the horizon; and consequently da^ 
whirli^lppajia^ll^ tn ^yjii \yQ ^o also. .The Centre of gtft*' 

' * 4A^Yngravliii|f!^ Ibe camel n 7 ay be seen in, L*Art dd batir les VarsseSujri* 
Anu|tA(d8a 4te. toI. 2, p. 93, jfee also the EneyclopAdie, Parb'eit^ 
ti<^#,uSl..^, p. 67. ; 
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Yity of the. cone wlU therefore have descended^ while the 
c6ne appeared to awend. But, as has hehn already seen, 
it is the descent or 'ascent of the centre of gravity that 
<fetermines the real descent or ascent of a body. As long 
a$ the centre of gravity can descend, the body therefore 
really moves in that directtoog^&c. 

It wdl b^ found, in the present case, that the course of 
the centre of gravity, in its whole descent, is a straight 
line. ' But a parabola or hyperbola might be situated in 
tbe.same manner, with its summit downwards, and in that 
case tlie course of the centre of gravity of the double cone 
would be a curve. This may furnish a subject of exercise 
for young geometricians. 

PROBLEM XXVII. 

To construct a dock with water. (Fig. 25 pi. 5.) 

If the water which issuesfrom acylindric vessel, through 
a hole formed in its bottom, flowed in a uniform manner, 
nothing would be easier than to construct a clock to indi- 
cate the hours by means of M-^ater. But it is well known 
that the greater the height of the water above the orifice, 
through M'hich it issues, the greater is the rapidity with 
which it Hows; so that the vertical divisions ought not to 
be equal : the solution of the problem therefore consists 
ill determining their ratio. 

It is demonstrated in hydraulics, that die velocity with 
which water flows from a vessel, through a very small 
oriHcc, is proportional to the square root of the height of 
the water above tiic aperture. And hence tlie following 
rule, for dividing the height of the vessel, which ave sup- 
pose to be Cylindrical, has been deduced. 

,^If we suppose that the whole water can flojv out in 12 
hours,; divide the w'hole height into 144 fpjNi ^hen 23 
ol^^'thesc wijl be emptied in the first hour ; that there 
wm i^emain 12 1 for the other eleven. Of these 121 parts, 
21 will be emptied during the second hour; then 19 will 
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be emfitied in the third, 17 in the fdurth, and «o on. An 
the 144th divisipn therefore corresp&|^a to 12 hour^, 
121st will correspond to 11 ; the 1(1^^ to 10; the to 
9, fee, till the last hour, during which onl^ one division 
will be emptied. These divisions will comprehend, 19 the 
retrograde order, beginning at the lowest, the first, 1 'p?irt; 
the second, 3; the third, 5; the fourth, 7; fee; which is 
exactly the ratio of the spaces passed over in equal times 
by a body falling freely in consequence of its gravity. 

feut, if it were required that the divisions in the vertical 
direction, should be equal in equal times, what figure 
ought to be given to the vessel ? 

The vase, in this case, ought to be a paraboloid, formed 
by the circumvolution of a parabola of the 4th decree; or 
the biquadrates of the ordinates ought to be as lhc ab- 
scissas. If an orifice of a proper si2e were made in the 
summit of this paraboloid ; and if it were then inverted ; 
the water would flow from it in such a manner, that equal 
spaces of the vertical height would be emptij^d in equal 
times. 

The method of describing this parabola is as follows. 
Let ABS (fig, 26 pi. 5), be a common parabola, the axis of^ 
which is PS, and the summit s. Draw, in any manner, the 
line nrr, parallel to that axis, and then draw any orditiate 
of the parabola ap, intersecting rt in r; make pg a 
mean proportional between pr and pa; and let pq he a, 
mean proportional also hetw'een pr and pa; and so on. 
The curve passing through all the points g, q, fee, will be 
the one required ; and it may be employed to foffia a 
mould fibr constructing a vessel of the required concavity. 
To whatever height it shah be filled with water, eqiM 
heights ^ij^^ays be emptied in equal times. 

]^'an6tt|PIPart of this work, we shall give a inetho|^ of 
maklD^jlti^ quantities of water flow ^ora a vesset of Ahy 
in equal times. As this depends on the proiieity of 
the syphon, it belongs to a different bea4. 
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4 point hpm^ Sfo^i ond a line not koritpniol, io find the 

jpo^it^ of the i^Hiied plane along tti^ch, if a lody 

scen^, setting out from the given point, it shall reexh \hat 
. line in the least time, ^Fig. 27 pi. 5), 

^ ^bis mechanical problem is exceedingly curious^ and 
adtnilts of a very elegant solution. *Let a be the giiren 
point, and bc the given line. From the point a, draw the 
verticjil line ao, and ae perpendicular to the given line; 
theitfroin the point d, where the vertical line meets bC|, 
draw DG parallel to ae, and equal to au: if AG be then 
drawn intersecting bc in f, the line af will be the position 
of the plane along which a bod}^ setting out from a, and 
descending by the edect of its owm giavity, will arrive at 
the lias uc in less time than by any other plane differently 
inclined. 

To demonstrate this problem, draw fh parallel to' ae 
or DG, till it meet the vertical line ad in n. On account 
of the similar triangles tlien, we shall have ad to dg, as 
AH to II F’^ consequently, dg being equal to ad, ah will 
be equal to hf, which is also perpendicular to bc, be- 
cause it is parallel to ae. The circle therefore described 
from the point n, as a centre, through the point a, will 
pass through f, and touch the line nr. 

But it is well known, that ff a vortical diameter, as 
AHi, be drawn in a circle, and any cids af and AK, a 
body left to descend by the cfl'ect of its o\vn gravity will 
pass over the spaces represented by these lines, in the 
time. Since the time then employed to fall along 
AK or Ai, is equal to that employed to fall aloi^ AP, the 
time required to fall along ad or ae will be greater than 
'that employed to descend along af. And the same rea- 
soning being applicable to all the other lll|||pAhA( can be 
from the point a to nc, it follow^^at AF is the 
Jine along which the body will atrive, in the leo^ 
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If t^lE line Bc were vertical, ae would then be bon*,, 
zootal, a$ well as dg ; ad and 06 would both be iiifinite, 
and equal ; which would give the ahgle' fad equal to 
Hence it follows, that in this case it would be along « 
plane inclined at an angle of 45** that the body, left to 
itself, would arrive at the vertical line in the least time 
possible. 


PROBLEM XXIX. 

Txm points a and d being given in tha same horizontal line; 
required the position of two planes ac and cb, of such an 
inclination y that two bodies descending with accelerated 
velocity from a to c, and then ascending along cb with' 
the acquired velocity ^ shall do so in the least time possible, 
(Fig. 28 pi. 5.) 

It is evident that a body placed at A, on the horizontal 
line AB, would remain thei^. eternally without moving 
towards b. To make it proceed therefore by the effect 
of its own gravity from a to b, it must iall along an in- 
clined plane or a curve; so that, after having descended 
a certain space, it shall ascend along a second plane, or 
the remainder of the curve, as far as b. But we shall 
suppose that this is done by means of two inclined planes. 
It is here to be observed, that the time employed to de- 
scend And ascend, must be longer or shorter according to 
the inclination and the length of these planes. The ques- 
tion then is, to determine what position of them is most Ad- 
vantageous, in order that the time may be the least. Now 
it will be found that to obtain the required position, Abe 
two planes must be equal and inclined to the horizon at 
an angle of 45*; that is, the triangle acb ought to be 
isosqgleaand right-angled at c. 

TIliik soiutibi is deduced from that of the preceding 
prOwem; for if we conceive a vertical line drawn tbrotigb 
thtagpint €, it has been shown that the plane Ac, itielib^ 
at ati ab'gle of 45 degrees, is the most fst^ourably disiitAed 
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to mak^ tht body; sliding along it, arrive 'art|ie vi^rtieal 
line iri the least time possible ; but the time of thfe astfeOt 
along CB, is equal ti>^;that of the descent; vfh€nt^ it fol- 
lows that their sum, or the double of the former, is also 
the shortest possible. ^ 

PROBLEM XXX. 

2f a chain and two buckets be employed to draw up water 
from a well of very great depth; it is required to arrange 
the apparatus in such a manner f that in every position of 
the buckets f the weight of the cham shall be destroyed'; so 
that the weight to be raised shall be that only of the water 
contained in the ascending bucket. (Fig. 29 pi. 6.) 

If two buckets be suspended from the two ends of a 
rope or chain, so as to ascend and descend alternately, 
while the rope rolls round the axis or wheel of the wind- 
lass, which serves to raise tl|cm, it is evident that when 
one of the buckets is at the bottom, the person who begins 
to raise it has not only the weight of the bucket to sup- 
port, but that also of the whole chain or rope from the top 
to the bottom of the well ; and there are some cases, as in 
mines of three or four hundred feet in depth, where the 
weight of several quintals must be overcome to raise only 
two or three hundred pounds to the mouth of the mine* 
Such were the mines of Pontpean, until M. Loridt sug- 
gested a remedj^ for this inconvenience. 

This remedy is so simple, that it is a<^tonishing no one 
ever thought of it before. Nothing indeed is necessary but 
to Convert the rope or chain into a complete ring, one of 
the ends of which descends to the depth where the water 
or the ofe is to be drawn up, and to aliix the buckets to 
two points of tlie rope in such a manner that when one of 
tbem-is at the highest part, the other shall beat the lowest. 
For it is evident tliat, as equal parts of the chain ascend 
and descend, these parts will counter-balance each other ; 
and'tbe weight to be raised, were the,pit several thbusatld 
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feet be'thkt only of the ore or oth^ 

sUnces drawn fip. ' ^ >■ ' 

The would evidently be saine if there were 
only one bucket : iifi every position, Vhe only weigl^t to be' 
raised would be that of the bucket, and the matter it oph- 
tained ; but the machine''^ould be attended with only one 
half of its adjutage ; for, by having no more than one 
buefeOt, the time which the bucket when emptied W'Ould 
employ in descending would be lost. 

Remark* — ^In the Memoirs of the Academy of Sciences 
for 1731, M. Camus gave another method of remedying 
the above inconvenience. It consists, when there is ortly 
one bucket, m employing an axis nearly in the form of a 
truncated cone ; so that when the bucket is at the lowest 
depth, the rope is rolled round the part which has the 
least diameter ; and when the bucket is at tbe top, it is 
rolled round that which the greatest. By these 
means, the same force is always required.' But it is evi- 
dent that, in every case, more must be applied 'than is 
necessary*' 

When there are two buckets, M, Camus proposes that 
one half of the rope should be rolled round one half of the 
axis, which he divides into two equal parts; so that one 
half is covered by the rope belonging to the bucket raised 
upi while the other is uncovered, the bucket which cor- 
responds to it being at the bottom. By these means the" 
two edbrrs are combined in such a manner, that neuly 
the same force is always required to overcome them, fiut 
these inventions, though ingenious, are inferior to that of' 
M. Loriot. 

i rKOBLLM XXXI. 


Metho^f^ comt^nuting a jack which moves means ofijta. 
^smoie of the ckminey, (Fig. 30 pi. 60 

construction of this kind of jaek» which is v^y id'- 
is as folioWs; An iron ^r in^ the* back of 
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the chimney, and pri^jectingfrom it about ^foot,ac^ves to 
support a perpefidicular spindk, the extremity of^^hich 
turns in a cavity forfio^ in the bar ; while the^^pj^er ex- 
tr^^ is fitted, into a^llar in anotli^r bar, placed at some 
diaiaace above t^e former. This, spindle surrounded 
with a helix of tin plate, which makes ^ couple of revolu- 
tions, or turns round the spindle, and’ which is about.^ 
foot m breadth. But instead of this iiefix, it wilib^ufij-' 
cient to cut several pieces of tin ^late^ or sheet iron, ,and 
to fix them to the spindle in such a mahner that, th^r 
planes shall form with it an angle,, of about 60 degrees ^ 
they must be disposed in several stories, above each other; 
so that the ypper ones may stand over the vacuity left by 
the lower ones. The spindle, towards its summit, bears a 
horizontal wheel, the teeth of which turn a pinion having, 
a horizontal axis, and the latter, at its extremity, is fur- 
nished with a pulley^ aroun^ wiilch is rolled the endless 
chain that turns the spit. S&h is th(^ colistruction of this 
machine, the action of which may be explained in the fol- 
lowing manner. When a fire is kindled in the^chimneyi , 
the air whicii by its rarefaction imiiiedialely tends to as- 
cend, meeting w^th tlie helicoid burface, or kind of incliued 
vanes, causes the spindle, to whicIi they are affixed, to 
turn round, and consequently communicates the same 
motion to the spit. The brisker the fire become#, the 
quicker the machine moves, because the air ascends with 
greater rapidity. 

^hen the inachiiie is not used, it may be taken down, 
by raising the vertical spindle a little, and removing the 
point from its cavity; which will allow the summit to be 
disengaged from the collar in which is made to turn. 
When was»ted for use, it may be put up with the same 
eas4 - 

Remabk#. — L The following mechanical amusement 
is founded .on the same principle. Cut out from a ci^d 
aa lai^& a <^€le as: pos^i^,;, then cut circle a xph^ 
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three ^dr four revolutions, and ending at a small 
circle, reserved around the centre, and of about a ^ne 6r 
two in dimeter ; extend this spi^by raising the centre 
above the first revolutkin, as if it were cut intoEr CCnical 
surface or parabolid f then provide a ^ail spit made of 
iron, terminating in a point, and resting on a supporter. 
Apply the centre or summit of the helix to this point j 
and if the whole be placed on the top of a warm stove, 
the machine will sgon put itself hi motion, and turn with- 
out the assistance of any apparent agent. The agent 
however in this case is the air, which is rarefied by .the 
contact of a warm body, and which ascending forms a 
current. * ,, 

TI. There is no doubt that a similar invention might be 
applied to works of great utility ; it might be employed, 
for example; in the construction of wheels to be always 
immersed in water, their axi^ being placed parallel to the 
current: to give tj^e water more activity this helicoid 
wheel might be inclosed in a hollow cylinder, where.the 
water, when it had once entered, being impelled by the 
current above it, would in our opinion act with great 
force. 

If the cylinder were placed in an erect position, so as 
to receive a fall of water through the aperture at the top, 
the water would turn the wheel and its axis, and might 
thus drive the wheel of a mill, or of any other machine* 
Such is the principle of motion employed in the wheels of 
Basacle, a famous null at Toulouse. ^ 

III. The smoke jacks here in England arc made some- ' 
wliat different from that above described ; being mostly 
^fter the manner of that exhibited in fig. 55. plate 13 : 
where ab is a circle containing the smoke vanes, of thin 
sheet l|gn, all fixed in the centre, but set obliquely^^j^ « 
prqp^rangle of inclination. The other end of the sp^ie 
h |^ : pinion c, wliith turns the toothed wheel ilie 

of w^cj^^xed the ^beel e, dvCr which 
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the chaia ef which turnd the spit i^iow. ^^xherc 
arci dther fortjis of this useful machine also made ; but alt 
6r aiost of them hafiog the same kind of vanes in the 
ciivle instead of the spiral form in the original. 

PBOBLEM XXXII. ^ 

/VAat is it that supports in an upright position, a top or t^* 
tQtum,whileit is r&vohing^ 

Ir is the centrifugal force of the parts of the top or te* 
totum^ put in motion. For a body cannot move circularly 
without making an effort to fly off from the centre ; so 
that if it be affixed to a string, made fast to that centre, 
it will stretch it, and in a greater degree according as the 
circular motion is more rapid. 

The top then being in motion, all its parts tend to re« 
cede from the axis, and with greater force the more ra- 
pidly it revolves; hence it follows that these parts are 
like so many powers acting in a direction perpendicular 
to the axis. But as they are all equal, and as they pass 
all round with rapidity by the rotation, the result must be 
that the top is in equilibrio on its point of support, or the 
extremity of the axis on wluph it turns. 

PROBLEM XXXIIl. 

Jfxm comes it that a stick, loaded with a weight at the upper 
extremity, can be kept in equilibrio, on the point of the 
, finger, much easier than when the weight is near the 
lower extremity , or that a sword, for r vample, can be 
balaneed on the finger much better, when the hilt is up- 
permost^ 

- The reason of this phenomenon, so well known to aH 
those who perform feats of balancing, is as follows. When 
tfad'weight is at a considerable distance from the point of 
^p^ort, its centre of gravity, in .deviating either on the 
one'i^^'W the other from a perpendicular directiop^ 
describes I larger' circl«^^;^an''Avhea^|^ weight is very 
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near to the centre of rotation, or4he point of .support; 
But in a large circle an arc of a determinate magnitiute« 
such as an inch, describes a carve '^vhich deviates ’muob 
less from a horizontal direction than if the radius of the 
circle were less. The centre of gravity of the weight 
then may, in the first case, deviate from the perpendicular 
the quantity of an inch, for example, without having a 
tendency or force to deviate more, than it would in the 
second case ; for its tendency to deviate altogether from 
the perpendicular is greater, according as the tangent to 
that point of the arc where it happens to be, approaches 
more to a vertical direction. The greater therefore the 
circle described by the centre of gravity of the w^eight, 
the less is its tendency to fall, and consequently the greater 
the facility with which it can be kept in equilibrio. 

PROBLEM XXXIV. 

What is the most advantageous position of the feet for stand- 
ing with firmness, in an erect postured 

It is customary among w'ell bred people to turn tbeir 
toes outwards; that is to say^ to place their feet in such a 
manner, that the line passing through the middle of the 
sole, is more or less oblique to the direction towards which 
the person is turned. Being induced by this circumstance 
to enquire whether this custom, to which an idea of gi^ce* 
fulness is attached, be tounded on any physical or mecha- 
nical reason, wc shall here examine it according to the 
principles of mechanics. 

Every body whatever rests with more stability on its 
base, |U;coi ding as its ceiiire of gravity, on account of its 
and the extent of that base, is less exposed to be 
mrried beyond it by the effect of any external shock.. The 
prpblem then, in consequence of this very sitnple principle^ 
% reduced to the following : To determine wh^ber. the 
^P'ase, within winch tlie Jibe dr^t^n.perpfndiichlar to. the 
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horizim from the centre of gravity of th^^? hdtnatr bod;]^ 
oDgttt to fall, is susceptible of increase and diminution^ 
abco'rding to the position of the feet ; and what is the posi-* 
tlon of the feet which gives to that base the greatest ex- 
tent. But this becomes a problem of pure geometryji 
which might be thus expressed : 7W lines ad and bc (lig.' 
3 1 pi. 6) of equal lengthy and moveable around the points a 
md B, as centres, being , given; to determine their position 
when the trapezium or quadrilateral abcd is the greatest 
possible. This problem may be solved with the greatest 
facility, by methods well known to geometricians; and 
frotn the solution the following construction is deduced. 

On the line a d (fig. 3‘2 pi. 6), equal to ad, or bc, con- 
struct the isosceles triangle ah d, rightangled at h ; and 
make ak equal to ah. Having then assumed ai equal to 
one half of ag, or one fourth of ab, draw the line ki, and 
make ie equal to ik : on ge if ati indtifinite perpendicular, 
in^rsecting in d, the circle described from the point a a^ 
a centre, with the radius ad, be then raised, the point d, 
or the angle dae, will determine the position of ad, and 
consequently of nc. If the line ab, ami consequently ag 
or AI, be nothing, or vanisl^ ar will bc found equal to 
AU ; and the angle dae will be half a light one. Thus, 
when the heels absolutely touch each otlu;r, the angle 
which the longitudinal lines of the sole-' of the feet ought 
to form, is half a right one, or nearly so, on account of the 
small distance which is then between tlu' two points of 
rotation, in the middle of the heels. 

If the distance ab is equal to ad, the angle dae ought 
to bc CO degrees; if ab is equal to twice ad, the angle 
DAE ought to be nearly 70 degrees ; and in the last place, 
if AB be' equal to 3 times the line ad, it will be found that 
xy'Ak odght to be nearly *74° 30'. 

b hdnee seen, that in proportion as the feet are at a 
gT^tei* distance from each other, their direction, in order 
tD 'sCftDd or walk with more stability, Doglit to approach 

V. 2 
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nearer to paralielism. But, in gcneraT, mechanical principlev 
accord with what is taught by custom and graceful ness, a> 
it is called ; that is to say, to turn the toes outwards. 

PROBLEM XXXV. 

Of the game of Billiards. 

It is needless to explain here the nature of billiards. It 
is well known that this game is played on a table covered 
with green cloth, properly stretched, and surrounded by 
a stuffed border, the elasticity of which forces back the 
ivory balls that impinge against it. The winning strokes 
at this game, are those which, by driving your ball against 
that of your adversary, force the latter into one of the holes 
at the corners, and in the middle of the two longer sides, 
whicii are culled pockets. 

The whole art of this game then consists in being able to 
know in what manner you must strike your adversary’s ball 
with your own, so as to make it fall into one of the pockets, 
without driving your own into it also. This problem, and 
some others belonging to the game of billiards, may be 
solved by the following principles. 

Lst. The angle of the incidence of the ball against one 
of tlie edges of the table, is equal to tlie angle of re- 
flection. 

2d. Wlicn a ball impinges against anotlier, if a straight 
line be drawn between their centres, Avliich will conse- 
quently pass through the rroiiit of contact, that line will 
be the direction of the line described after the strokp. 

These things being premised, we shall now give a few 
of the problems which arise out of this game. 

L The position of the pocket arid that of the two balls m and 

N being given (fig. 33 pi. 7); to strike your adversar^s 
> ball M in such a manner^ that it shall fall into the pocket. 

Through the centre of the given pocket and that of'the 
ball, draw, or conceive to be drawn, a straight line; the 
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point where it interseqts the surface of the^ball^ on the 
side opposite to or farthest from the pocket, will be that 
where it ought to be touched, in order to make it moye in 
the required direction. If we then suppose the above line 
continued from one of the radii of the ball, the point o, 
where it terminates, will be that through which the im- 
pinging ball ought to pass. It may be readily conceived, 
that it w in this that the whole dexterity of the game con- 
sists: nothing being necessary, biit to strike the ball in a 
proper manner. It is easy to see \vhat ought to be done, 
but it is not so easy to perform it. 

In the last place, it is evident from what has been said, 
that provided the angle nob exceeds a right angle ever so 
little, it is possible to drive the hall m into the pocket. 

II. To "iinke the ball by reflection. 

The ball m (fig. 34 pi. 7) being concealed, or almost 
concealed, behind the iron, in regard to the ball n, so that 
it would be impossible to touch it directly, without run- 
ning the risk of striking the iion and failing in the attempt; 
it is necessary, in that case, to try to touch it by reflection. 
For this purpose, conceive the line mo, drawn perpen- 
dicular from M to the edge dc, to he continued to m\ so 
that o m shall be equal to om. If you aim at the point 
772, the ball n, after touching the edge D(', will strike the 
ball M. 

If It were required to strike the ball m (,ng. 35 pi. l) by 
two reflections, the geometrical solution, in this case, is as 
follows. Conceive the line mo, drawn perpendicular from 
the point M, to the edge bc, to be continued till o m be- 
come equal to oM. Conceive also tl..^ line m p, drawtt 
perpendici !ar from the point m to the edge continued, to 
be continued lo q, until p 7 bc equal to p m; if the ball N 
be directed to the point y, after impinging against the 
edges oc and cn, it will strike the tali v< 
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To those, in the least acquainted with gconfelry, thfe 
demonstration of tins problem will be easy. " 

ur. If a hall strikes against another in any direction whiU 
every what is the direction of the impmging haU after 
shock? 

It is of importance, at the game of billiards, to be able 
to know what will be the direction of your own ball after 
it strikes that of your dlr^crsary obliquely; for every one 
knows that it is not suiHcient to have touched the latter, 
or to liavc driven it into the pocket ; you must also pre- 
vent your own from falling into it. 

Let M and n (fig. 36 pi. 7) be the two balls, the latter 
of which IS to strike the former, touching it in the p6int 
o. Through this point o, let there be drawn the tangent 
op; and through the centre n, of the ball n, when it 
arrives at the point of contact, draw or conceive to be 
drawn n p, parallel to op : the direction of the impinging 
ball, after the shock, will be np, A bad player would 
here be infallibly lost; and indeed this is often the case in 
this position of the balls. Expert players, when they find 
that they have to do vith novices, often give them this 
deceitful chance, which makes them lose, by driving their 
ball into one of the corner pockets. In this case you must 
not take the ball of your adversary by halfs, according to 
the technical term of the game, to drive it to one of the 
corners at the other end of the table; for in doing so, you 
will not fail to lose yourself in the other corner. 

Rem AUK. — In reasoning on this game, we set out from 
common principles; but wc must confess that we hate 
some doubts on this subject, the reason of which we shall 
here explain, 

If the balls had only one progressive movement for- 
wards, without rotation around their cehtres, tbe‘ above 
principles >'()i,ld be evidently and sufficiently 
strated. But every one knows that, independently this 
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progresive motion of the centiw, a billiard ball rolls on 
the table in a plane which is perpendicular to ^t. When 
a ball then touches the edge, and is repelled with a force 
nearly equal to that with which it impinged, it would ap- 
piear fihat this motion ought to be compounded of the 
rotary motion it had at the moment of the shock, and that 
which It has in a direction parallel to the edge. But since 
the first of these motions compounded with the latter, 
gives the angle of reflection e<i|tl to the angle of inci- 
dence, what then becomes of the second, which ought to 
alter the first result ? In our opinion this is a dynamical 
problem, which has never yet been solved, though it de- 
serves to be so. 

However, this rotary motion, in certain circumstances, 
gives a result which seems contrary to the laws of the im- 
pinging of elastic bodies; for according to this law, when 
an elastic body impinges directly and centrally against 
another which is equal to it, the first ought to stop, in con- 
sequence of having communicated, as is supposed, all its 
velocity to the second. But at the game of billiards, this 
does not take place ; for here the impinging ball continues 
to move, instead of stopping short. J'his effect is partly 
a consequence of the motion of the impinging ball around 
its centre; a motion which subsists in a great measure 
after the shock, and it is this motion partly which makes 
the ball still move forwRrds. Another cause of the striking 
ball’s moving forward, is the want of perfect elasticity in 
them both, on which account that bail still retains some 
portion of its direct forward motion, the other ball, which 
IS struck, receiving the rest of the motion. 

PROBLEM XXX'’l. 

To construct a Water Clock, 

. This name is given to a clock shaped like a drum or 
lKU'rel,as abco, (fig. 37 pk B), made of metal well soldered, 
and put in motion by a certain quantity of water contained 
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ill the inside of it. The hdurs arc indicated on two i^rtic^ 
pillars, between which it is suspended by small strings dr 
cords, rolled round an axis, every where of tlie same 
thickness. The internal mechanism is exceeding^ in- 
genious, and deserves a better explanation than wimi hft» 
been given of it in the preceding editions of the Mathe* 
matical Recreations, where Ozanam does not tell us bow 
the machine goes and is supported, as we may say^ in the 
air, without falling, as l^eems it ought to do. 

Let the circle ] 2 3 4< (Bg. 38) represent a section of 
the drum or cylinder, by a plane perpendicular to its axis. 
We shall here suppose the diameter of it to be six inches; 
and Jet a, o, c, d, e, f, g represent seven cells, the partU 
tions of which are formed of the same metal, and are well 
soldered to the two circular ends, and to the circular band 
which forms the circumference. These partitions ought 
not to proceed from the centre to the circumference, but 
to be placed in a somewhat transverse direction, so as to 
be tangents to an interior circle, of about an inch and a 
half in diameter: the small square h is a section of the 
axis, which in that part ought to be square, and to fit very 
exactly into lioleN, of the same form, made in the centre 
of each end of the cylinder. Each partition also ought to 
have in it a small round hole, as near as possible to the 
circumference of the cylinder, all |>ierced with tJie same 
piercer, that there may be no difference among them. 

Let us now suppose that a. certain quantity of water, 
about 8 or 9 ounces, has bei*n put into the cylinder, and 
that it has already distributed itself as shown by the horU 
zontal shading lines fig. 38. If the line ik represent the 
two strings, on and ef, (fig. 37), rolled round the axis of 
the cylinder, it may be lasily seen that the centre of gra- 
vity, whusb, \f the machine were empty, would be in the 
cedM^df ' the figure, being thrown out of the line of sUs- 
pen^Ti, and towards the side where the machine has a 
teudeuicy to fall, it would indeed fall ; but the effect of 
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the water l>ehin<i the partition d, is to throw back the 
centre of gravity, so that if itvwere on this side the vertical 
line Ki continued, the cylinder would revolve from d to e, 
in ord^. to be in that vertical ; and in this position the 
mochim' would remain in equilibrio, if the water could not 
proceed from the one cavity to the other ; for the cylinder 
c^not revolve in the direction agf, without making the 
centre of gravity ascend towards d : in the like manner it 
cannot revolve in the direction without the centre 
rising on the opposite side. The machine must then re- 
uiain in cquilibno, until something is changed. 

But,- if the water flows gradually through the hole in the 
partition n, which is between the cells d and e, it is evi- 
dent that the centre of gravity will advance a little beyond 
la continued, and the machine will imperceptibly revolve 
in the direction agf; and since by descending in this 
manner, the centre of gravit}' is thrown towards the verti- 
cal line KI produced, the equilibrium will at the same time 
be restored, and this motion will continue until the W’hole 
of the cord be unrolled from the axis. This movement 
indeed will not be altogether uniform, for it is evident 
that when the watei is almost entirely behind the partition 
D, the cylinder will revolve faster than when it has nearly 
flowed off; and the periods of these inequalities during a 
whole revolution of the cylinder will be equal in number 
to the cells j a circumstance which seems not to have been 
ob^served by those who have written on clocks of this 
kind. 

To have an exact division of time by these means, it 
will therefore be necessary to make a mark on the cir- 
cumference of the cylinder. Ir the machine be then wound, 
up as high as possible, and disposed in such a manner that 
the mark sliall be at the top of the cylinder, y^ju will have 
a good clock, with which you must mark, during a whole 
revobitiou, the pennts of the hours cflapsed. But care must 
be, taken that the number of hours shall be an integer 
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riiimber, as 4 >, 6, &c ; and for that purpose the move* 
ment of the machine must be retarded or accelerated till 
the proper precision has been obtained j otherwise it might 
err some minutes, and perhaps a quarter of an hou & How 
this movement maybe accelerated or retarded, weshaU 
show hereafter. 

' In tic last place, in winding up the clock, care must be 
taken that when the axis is placed opposite to the first 
division, the mark mdile in the cylinder shall be in the 
same position ; otherwise there may be an error, as already 
said, of some minutes. We shall now add some useful 
. observations in regard to this object. 

I. It is absolutely necessary that the water employed be 
distilled water ; otherwise it will soon become corrupted, 
so as to stop up the holes through which it ought to flow ; 
and the machine will consequently stand still. 

II. The substance most proper for constructing the 
cylinder of these machines, is gold or silver; or, what is 
cheaper, copper well tinned on the inside, or even tin 
itself. 

III. This machine is apt to go a little faster in summer 
than in winter, and therefore ought to be regulated from 
time to time, and retarded or accelerated. For this pur- 
pose, it will be necessary to add to it a small weight as a 
counterpoise, tending to make it revolve outward. This 
weight ought to have the form of a bucket (fig. 39 pi. 8); 
and to be of some light substance, so that it can be charged 
more or less by means of small drops of lead. To ac- 
celerate the machine, two or three drops of lead may be 
added ; and when it is necessary to retard it, they may be 
removed; which will be much more convenient than add- 
ing or taking away water. 

IV. The place where the axis passes through the cylinder 
inust be well cemented ; otherwise the water wtiflld 
gradually evaporate, by which means the machine would 
be continually retarded, and at length would stop. ^ 
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■ Vv Notwithstanding all these precautioDS, it may be 
readily seen, that a machine of this kind is rather an object 
of cariosity, than calculated to measure time with accuracy^ 
It otajgbe proper for the cell of a convent, or a cabinet of 
mcch^cal curiosities ; but it will certainly never be used 
by the astronomer/ 

VI. The inventor of this kind of clock is not knotrn* 
Ozanain, who wrote in 1693, says that the first seen at 
Paris about that period had been brbught from Burgundy; 
and he adds that father Timothy, a Barnabite, who ex- 
celled in mechanics, had given to this machine all the per- 
fection of which it was susceptible. This monk had con- 
structed one about 5 feet in height, which required wind- 
ing up only once a month. Besides the hours, which were 
marked on a regular dial plate, at the top of the frame, it 
indicated the day of tiic month, the festivals throughout 
the year, the sun*s place, and his rising and setting, as well 
as the icngtii of the day and night. This was performed 
by means of a small figure of the sun, which gradually 
descended, and which, when it reachetl the bottom of the 
frame, was raised to the top at the end of every month. 

Father Martinelh has treated, at great length, on these 
clocks, in an Italian work, entitled Horologi Elementari, 
in which he delivers methods of making clocks by means 
of the four elements, water, earth, air, and fire. This 
woik was printed at Venice, in 1663, and is very rare. 
The author shows in it how striking machinery may be 
adapted to a water clock; aith other curiosities, which 
arc sometimes added to common clocks. 

PROBLEM XXXVll. 

MECHANICAL PARADOX. 

jsputl weights placed at any distance from the point of 
. .. support of a balance, shall in equilibria. 

Provide a frame in the form of a parallelogram, such as 
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DEFG (fig. 40 pi. 8), constructed of four pieces of wood, 
joiued together in such a manner as to move freely at tb^; 
angles, so that the frame can change its rectangular form 
into that represented by the letters ef g d. The lonossides 
ought to be about twice the length of the other^^Tliis 
frame is inserted in a cleft formed in the perpendicular 
stand BC, so as to be moveable on the two points i and h, 
where it is-^fixed in the stand by two small axes: in the 
last place, two pieces of wood, mn and kl, pass through 
the shorter sides, in wliich they are well fixed, and the 
whole apparatus rests on the stand ab. 

Now if the weight p, be suspended from the point m, 
which is almost at the extremity of the arm mn, the most 
distant from the centre or centres of motion ; and if the 
weight Q, equal to the former, be suspended from any 
point H, of tile other arm kl, nearer the centre, and even 
within the frame, these two weights will always be in equi- 
librio; though unequally distant from the point of support 
or of motion in this kind of balance; and they will re- 
main so, whatover situation may be gii'en to the machine, 
as e/dg. 

The reason of this effect, wdnch at first seems to con- 
tradict the principles of statics, is however very simple. 
For two equal bodies will be in equilibrio, whatever move- 
ment may be made by the machine from which they are 
suspended, if the spaces passed over by these two bodies 
or weights are equal and similar. But it may be readily 
seen that this must necessarily be the case here, since the 
two weights, whatever he their position, are obliged to 
describe equal and parallel lines. 

It may be readily seen also, that, in such a machine, 
whatever be the position of the weights along the arms 
MN and KL, the case will always be the same, as if they 
wei^e suspended from ^ie middle of the short sides ej> ajoii' 
FGi-, But in the latter case, the weights would be in equi- 
librio, therefore in former also. 
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PROBLEM XXXVIll. 

ff^ai velocity must he given to a machine^ moved hy watet^ 
pi order that it may produce the greatest effects 
Th ^p fchis is not a matter of indifference, will readily 
appear from the following observation. If the wheel 
moved with the same velocity as the fluid, it would expe« 
rience no pressure ; consequently the weight it would be 
capable of raising would be nothing, or infihitely small. 
On the other hand, if it were immoveable, it would expe« 
rience the whole pressure of the current ; but in this case 
there would be an equilibrium, and as no weight would be 
raised, there w'ould conscfjueiitly be no effect. There is 
therefore a certain mean velocity, between that of the 
current and no velocity at all, which will produce the 
greatest effect — an effect proportional, in a given time, to 
the product of the weight multiplied by the height to 
which it is raised. 

We shall not here give the analytical reasoning which 
conducts to the solution of the problem: We shall only 
observe, iLiit in a macliinc of the above nature, the velo*^ 
city of the wheel ought to be equal to a third part of that 
of the current. Consequently the resistance or the weight 
must be increased, until the velocity be in tliis ratio. The 
machine will then jiroduce the greatest effect possible. 

Remark. — Tiie above proportional part, viz, one third, 
IS an old error which has been prope'lv corrected by a 
late author, who has shown, both theoietically and practi- 
cally, that the water w'hcci works with the greatest effect, 
when its velocity is equal to half the velocity of the stream 
which turns it. See the Transactions of the American 
Philosophical Society, vol. 3. p. H'f ; or Dr. Hutton’s 
Dictionary . vol. 2, under the word Mill. 

* ‘ problem xxxix. 

l^hsAt IS the greatest number of fioaf*6oards, that ought to he 
applied to a wheel mooed by a current of water, in order 
to make it produce the greatest effect f 
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It was long bclieveii that the float-boards of such a 
wheel ought to be so proportioned, that when one of tliem 
was in a vertical position, or at the middle of its immer- 
sion, the next one should be just entering the A 

great many reasons were assigned for this mode^ con«* 
structioo, which however are contradicted by calculation, 
as well as by experience. 

Jt is naljj^demonstrated, that the more float-boards such 
a wheel has, the greater and more uniform w'ill be its efw 
feet. This result is proved by the researcl^es of the id)b^ 
de Valernod, of the academy of Lyons, add those of 
du Petit-Vandin, to be found in the first volume of the 
M4inoires des S 9 avans Strangers. 

The abb^ Bossut, who examined, by the help of expe- 
riments, the greater part of the hydraulic theories, has 
demonstrated also the same thing. According to the ex- 
periments which he made, a wheel furnished with' 48 
float-boards, produced a much greater effect, than one 
furnished with 24; and the latter a greater effect than 
one with 12; their immersion in the water being equal. 
M. du Petit-Vandin therefore observes, that in Flanders, 
where running water is so exceedingly scarce, as to render 
it necessary to turn it to the greatest possible advantage, 
the wheels of water-mills are furnished with 32 float- 
boards, at least, and even with 48, when the wheel is from 
16 to 19 feet in diameter. 

PROBLEM XL. 

If there be two ci/lmders, containmg exactly the same qum- 
tity of matter, the one s(did and the other hollow, and both 
of the same length; which of them will sustain, wUhout 
breaking, the greatest weight suspended frmn ana of its 
exfrpmitics, the other being fixed? 

Spme, and perhaps several of our readers, may he 
clined to think that^ j^e base of rupture hdng the sailiie, 
every thing, else ought" to be equal. On the first view, 
one induced to consider the solid cylinder as ca- 
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pablB<of presenting greater re^stance to being broken: 
tMs iio^e¥er would be a mistake* 

GaliJeo,whobrst examined mathematically the resistance 
of so|||l|to being broken by a weighty has shown that the 
holbi^ylinder will present the most resistance and that 
this resistance will be greater in the transverse direction^ 
according as the hollow part is greater. He even shows^ 
from a* theory which approaches very near thd^toth, that 
the resistance of the hollow cylinder will be to that of thd 
solid oncj as the whole radius of the hollow is to that of 
the solid. Thus the resistance of a hollow cylinder, hav* 
ing as much vacuity as solid, will be to the resistance of a 
solid one, as ^2 to 1, or as 1*141 to 1*000; for the radius 
of the former will be i/2, while that of the latter is unity. 
The resistance of a hollow cylinder, having twice as much 
vacuity as solid, will be to a solid one, as VS to 1, or as 
1*73 to 1*00; for their radii will be in the ratio of to 1. 
The resistance of a hollow cylinder, the solidity of which 
forms only a 20tb part of the whole volume, will be to that 
of a solid cylinder of the same mass, as to 1, or as 
4*31 to 1*00; and so on. 

Remark. — It may be readily observed, and Galileo 
does not fail to take notice of it, tliai this mechanism is 
that which nature, or its Supreme Author, has employed 
on various occasions to combine strength with lightness. 
Thus the bones of the greater part of animals are hollow ; 
by being solid, with the same quantity of matter, they 
would have lost much of their strength ; or to give them 
the same power of resistance, it would have been neces- 
sary to. render them more massy ; ivhich would have les- 
sened the facility of motion. 

The stems of many plants are hollow also, for the very 
same* reason. In the last place, the feathers of birds, in 
tjke^rmaticn of wbieh it was necCi^y that great strength 
shemU be united with great lightness, are ali^ hollow; 
eed the ^oxvUy'eveii occupms the greater part c| their 
whole diameter ; so that the sides are exceedingly thin. 
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‘ ' problem XLl. 

T0 construct a lantern^ which shali give light at the hottem 
of the water, 

^ l%is' lantern must be made of leather, which 
the waves better than any other sub.^tance ; and wmst be 
furnished with two tubeS| having a communication with 
the air above. One of these tubes is destined to admit 
fresh air^fSI^iaintaining the combustion of the candle or 
taper ; and the other to serve as a chimney, by affording 
a passage to the smoke: both must rise to a sufficient 
height above the surface of the water, so as not to be co** 
vered by the waves when the sea is tempestuous. It may 
be re||dily conceived, that the tube which serves to admit 
fresh air, ought to communicate with the lantern at the 
bottom; and that the one which serves as a chimney, must 
be connected with it at the top. Any number of holes at 
pleasdre, into which glasses arc fitted, may be made in (he 
leather of which the lantern is constructed ; and by these 
means ^e^ight will be diffused on all sides. In the last 
place, the luntern must be suspended from a piece of cork^ 
that it may rise and fall with the waves, 

A lantern of this kind, says Ozanani, might be employed 
for catching fish by meuns or light; but this method of 
fishing has, in some countries, been wisely forbidden under 
severe penalties. 

PROBLEM XLn. 

To constmet a lamp, which shall preserve its oil in every 
situation, however moved or inclined, 

,To construct a lamp of ihisjt'vnd, the bod.y of it, or the , 
vase that contains the oil and the wick, must have the 
form of a spherical segmei t, with two pivots at the edge, 
diametrLqg;lly opposite to each other, and made to lnar^Jn 
two at the cx i r ^ ities of the diameter of a brm or 
irpl^h’cie. 1' his must, in like manner, be furidS^d*^^ 
twoofjtvots exaefl^ opposite to each o^er, aud^ fb®, 
d)staifi}e of 90« from the boles in which the foiqier bre kbi 
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serted. These second. pivtits must be made to turh in two 
Jioi^ dikmetileally opposite^n second ctrdle; atid this 
secon^ (^xcle must likewise be furnished with twp-piyots, 
anser|||^n> some concave body, proper to 8e#ve as^'^ do« 
>Vi&rk%itb the whole lamp; - . ' ■ 

Tt may be readily seen that, by this method of sns^eho 
sioi), whatever motion be given to the lamuy^uniess too 
abruptly, it will always maintain itself id^^l^rizontai 
position. 

. > This method of suspension is that employed for the 
mariners compass, so useful to navigators ; and which must 
always be preserved in a horizontal situation. We liav^ 
read in some author, that Charles the 5th caused a ciiiTiage 
tO' be suspended in this manner, to guard against the 
danger of being overturned. 

' PROBLEM XLIII. 

M$thod'vf €07istructmg an anemoscope and an anemometer, 
Tht^e two machines, winch in general are conlounded, 
are not however the same. The anemoscope s^ves for 
pointing out the direction of tiie wind, and therefore, 
properly speaking, is a weather-cock; but in common 
this term is used to denote a more comph-x machine, which 
indicales the direction of the wind by means of a kind of 
dial plate, placed either on the outside of a house, or in 
an apartment. In regard to the anemometer, it is a mar 
chine which serves to indicate, not only i lie direction, but 
the ‘duration and force of the wind. 

The mechanism of the anemoscope is very sinijdc. (Fig. 
pi: 9 ), In consists, in the first place, of a weather- 
cock, raised above tlie building, and supported by an axis, 
oft&‘6hd- 6f \^hicli, passing through the foof, is made to 
ttlirp iUfa socket fitted to receive it, and with such facility 
ab' the least imj>uhe of the^j p jgd. On this axis is 

crown fc.whce], the teeth c^Ohich being turned 
dowif#$Hrds, fit into those of a vertical wheel, ^<Sitactly 
the sarfie^ize, placed on a horizontal axis, wlfiOh at Ilf in- 

VOL. n. 'F 
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tensity is furnished' ivitb' an index. It is hence, evident^ 
that when the vane makes turq, the index wiU p^idcie 
one^^xactly also. If this index then be placed ip SUch « 
ffi^ney as to be vertical, when the wind is nortUUnd .H 
cave b'e taken to observe in what direction it turns^weftlt 
changes to the west, it will be easy to divide the dialrplatje 
into 32 

' An aimmeter, if it be required only to measure the 
intensity or force of the wind, may be constructed with 
equal ease. We would propose the following. Let 
(fig. 42 pi. 9) be an iron bar, fixed in a horizontal dir^ 
tion to the vertical axis of a vane. The extremities of thid 
bar, which are bent at right angles, serve to support a 
' horizontal axis, around which turns a moveable frame 
ABCD, of a foot square. To the middle of the lower side 
of th|i^frame is fastened a very fine bur strong. silk 
thread, which passes over a pulley f, fitted into a cleft 4^^ 
the vertical axis of the vane, whence it descends along 
the axis to an apartment below the roof. The distaucc 
OF must be equal to ge. To the end of the silk thread is 
suspended a small weight, just sufficient tokeep it stretched. 
When the frame which, by the turning of the vane, will 
be always presented to the wind, is raised up, as will be 
the case, more or less, according to the force of the wind, 
the small weight will be raised up also, and will thus in- 
dicate, by means of a scale adapted to the axis of the 
vane, the strength of the wind. It may readily be per- 
ceived that the force of the wind will be equal to zero, or 
nothing, when the small weight is at its lowest point} 
that its maximum, or greatest dcgiee, will be when It is 
at its highest, which will indicate that the wind the 
. fraiQf^ a horizontal position, or very nearly so, - 

force of th||^nd, according to the differen^foli* 
of the fram^pay be determinfid with still, g^eafser 
^l^recisioS^ for this force will always be equal to th4ahs^ 
luteiNiieight of the frame, ^ which is known) nml^pHediy 
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cfaE filtieof theatiglo which it makes with the T^rtiioal Hii% 
iii^;cbVided by the aqiKiTe o^P the same angle. Nothing 
thi^ decessary^ but to^ascertain, by the mbtien of 

thW'slllll weight affixed to the thread efp, the in^fihaticdf 
of fi^me. But this is easy ; for ft may be readily seen 
that the quantity which it rises above the lowest pointy 
will always be equal to the chord of the aii^dja^rmed by 
the frame with the vertical plane, or to douSIrTOe sine of 
the half of that angle. The extent therefore of this angle 
ma^ be marked along the scale, and also the force of *the 
wind, calculated according to the foregoing rule. 

In the Memoirs of the Academy of Sciences, for the 
year 1734, may be found the description of an anediome^ 
ter, invented by M. d*Ons-en-Bray, to indicate at the 
same time the direction of the wind, its duration in that 
direction, and its strength. This anemometer mi^ts that 
we should here give some idea of it. 

It consists of three parts, viz, a common clock, and two 
Other machines, one of which serves to mark the direction 
of the wind and its duration; the other to indicate its 
force. 

The first of these machines consists, like the common 
anemoscope, of a vertical axis bearing a vane, which by 
means of some wheels indicates, on a diaUplate, from what 
quarter the wind blows ; the lower part of this axis passes 
through a cylinder, in which are implanted 32 pins, in a 
spiral line ; and these pins, by the manner in which they 
present themselves, press against a piece of paper, pro- 
perly furepared and stretched, between two vertical co- 
lumns'or. axes, on one of which it is rolled up, while it is 
u’nrqliBd from the other. This rolling up and unrolling 
are ;p6rforiiied by the simultaneous motion of two axes, 
made to move by the above mentioned, 

now be readily conceived^^, according to the 
j^Oiilien of the vane, one of the pins will presi^t itselfjto 
f ^>pt0]^red paper, and by pressing gently against it will 
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Ijeave a mark, the length of which will Ifidicate 
tioa of the wind. , ff two neighbouring pins make a, i^ark> 
at, the same time, this will indicate that the winc^-|Qllpwed 
a middle direction. ' 

The part of the ^ifemometer which indicates the force 
of the wind, consists of a mill, after the Polish 
which revives faster, according as tlie wind is stronger* 
Its vcrtiirallSxis is furnished with a wheel that drivea.^ 
small machine, which, after a certain number of 
forces a pin against a frame of paper, haring a motioti 
signilar to that of the anemometer above described. The 
number of these strokes, each of which is marked by. a 
hole, on a determinate length of this moveable paper,, de- 
notes the force of the wind, or rather tlie velocity of ^le 
circulation of the mill, which i.s nearly in the same proper^ 
tion. fur a complete explanation of the inechanislhy 

we must refer to the Memoirs of the Academy of Scienees, 
above quoted ; as want of room will not allow us to giye 
a more minute description of it in this place. 

Remark. — Many other forms of anemometers b^vc 
been invented, in various countries. Of several of these 
the descriptions may be seen, w^ith their figures and the 
calculation of their effects, in Dr. Hutton’s Dictioriary, 
under the several articles anemometer, resistancp, 
WIND, and WIND-GAGE. , 

PROBLExM XLIV. ^ ,. ,.,7 

Construction of a SteeX-yavdy by means of which the weight 
of a body may be ascertained , without weights ,. , ^ 

■ Wq shall here describe two instruments of this kin4,f 
the one^ portable and adapted for aseertainihg mo^^S^e 
weights, such as from 1 lo 25 or 30 pounds j tbe^t^^. 
fixedy'and employed for weights much more con.si4^ral^ 
and several ,t^,usand pounds. One of , the 

kin4 used m the^c^koin house at Pans ; an4 co^J^e 
ei 0 j^y^d,'‘with great convenience, for weighty 
lOCT^iid 3000 pounds. ^ V, 
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The iirst of these steel yd^dsis represented iig\ 43 
Ft <^nsists of a metal tube ab^ about 6 inches In length, 
hhd 8 Koes in diameter, a section of which is here 
to sh^ in the inside of it a spiral st|pl spring. T^e djppelP 
end A, Ts pierced with a square hole, to afford a passage to 
a metal rod, which is also square ; and which passes through 
thd'^pring, so that it is impossible to draw it i^mtds with* 
out compressing the spring against the uppdreiid within 
the tube. To the lower part of the tube is affixed a hoOk, 
frotn tvhich the body to be weighed is suspendod. 

'It is here evident, that if bodies of different weights be 
applied to the hook, while the steel-yard is suspended by 
its ring, they will draw down the tube more or^ess, by 
fOiying the upper end of it against the spring. The rod 
th^efore must be divided, by suspending successively from 
the hook different weights, such as one pound, two founds, 
&C, to the greatest winch it can weigh ; and if the part of 
the rod drawn out of the tube each time be miarked by a 
line, accompanied with a figure denoting the weight, the 
instrument will be complete. When you intend to use it, 
nothing is necessary but to put your finger into the ring, 
to raise up the article you intend to weigh, suspended 
from the hook, and to observe, on the divided fiice of the 
rod, the division exactly opposite to the edge of the hole; 
the figure belonging to this division will indicate the num- 
ber of pounds which the proposed body weighs. 

The second stccl-yard consists of two bars, placed back 
to back, or of a single one abcue bent in the form seen 
% 4* ph 9. The part ab is suspended by a ring from a 
str6bg beam, and the part dk terminates in a hook at £, 
frbat|i^luch the articles to be weighed are suspended. To 
is fixed a rack, fitted into a pinion, connected 
Vheel, the teeth of which fitted into another 
piulbhi having on Its axis an index]' and this index maltes 
revolution, when the weight of 3000 pounds is 
sksiperiiled from the hook e» For it may be readily seen, 
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tliat.ivbien Rny weight is suspende'S from fij the 
intlst be more or less stretched ; this will give'.mbtt^Ti!^ 
rack DF, and the latter will turn the pinibh into wBich 
it is fitted ; and conse^ently Will give motion to th^' 
and second pinion, h'^ing on its axis the index. It is dlisb 
evident, that in constructing the machine, such a force fnay 
be given spring, or its wheels may be combined in' 
such a marifrer, that a determinate weight, as 3000 popiidl^ 
shall cause the index to perform a complete revolution. 
The centre of motion of this index is in the centre of R 
circular plate, marked with the divisions, tliat serve to lA*' 
dicate the weight. These divisions must be formed by 
suspending, in succession, weights less than the greater, 
in the arithmetical progression, as 29 hundred v^ight,^, 
27, &c. This will give the principal divisions, which with- 
out any considerable error may be then subdivided ifito 
equal parts. 

When the instrument is thus constructed ; then to fipd 
the weight of any article that weighs less than 3000 podnd», 
nothing is necessary but to suspend it to the hook e ; and 
the index will point out, on the circular plate, its w^etght 
in quintals, or hundreds, quarters, and pounds. 

RsMARK.'^lt may be proper here to observe, that this 
method of weighing cannot be perfectly exact, unless We 
suppose, that the temperature of the air always remains the 
same ; for during cold weather springs are stiffer, atid 
during hot weather are Jess so. On this account, we litivc 
no. doubt that there is a difierence between the same 'Article 


weighed at the custom house at Paris in winter' afid. in 
summer. In winter it must appear to weigh less tts^h it 


does in summer. ’ ' ' v 

PROBLEM XLV. ^ 

Tb construct a carrufge, which a person 
, ‘moving from place to another ^ witkovst tkeij^t'^ 
:mwe of merk or horses. ^ ' 

A carriage of this kind is represented PJatb' 
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may obser^i^^ 1st, Two large wheels^ which 
Qi^t to be about 44 inches in diaih^r ; the circtiml^ 
of .these wheels conslsts^bf one piece; itiscbr'ered 
piece of iron, and ought to be pretty brdBcTyi^t 
.ijiby may sink less into the ground|^ ' ^ ‘ 

, . ;2d. At the distance of about two thirds of each spoke, 
from the nave of the wheel, is applied a roller, an inch in 
thickness, and turning on an axis, one end of^lch^is fixed 
ip fhe spoke, and the other in a flat circular piece of iron, 

, wj^iph by means of nuts and screws serves to keep all the 
Jro^ers in their places. 

, . 3d. On each shaft, beyond tlie ^lace where it is crossed 
by the axis of the two wheels, is fixed a piece of iron, 
shaped like a fork, which serves to support the axis of a 
crank, ^having at its extremity a wheel with 4 teeth, cut 
into the form of an epicycloid. These teeth are fitted into 
the rollers above mentioned, and serve to turn the wheel. 
The arm of the crank ought to be only 8 or 9 inches in 
length. 

4th. A plan of the same things is represented fig. 46. 
jt exhibits the form of the shafts or frame, consisting of 
two parallel pieces of ill'ood, a little concave on the upper 
side, kept together behind by a turned bar of wood, and 
before by a piece of iron. These two cross pieces serve 
to support the two springs, on which are placed a small 
/easy chair, furnished with cushions, and a step for the feet. 
If required, it may be fitted with an umbrella. It ought 
to stand a little backwards, that the weight of the person 
, ii^y not throw the carriage forward. To the lower part 
' bf^the foot step is fixed a piece of bent iron, which in case 
thtt'machine should incline forward, may serve^to keep it 
resting against the floor. To maintaiq it firm 
\|i|Ch^n4, a small wheel is connected with the middle of the 
-CTp^ba]^ of the frame, by a mechanism similar to that of 
bcd^imllers ; the vertical axis of which, for the gtoter ' 
pames through a bar of iron fixed to the axis of 
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the large wheels, tn the last plae^^ the extremities of ^ 
or ^odv are furtibhed with two handles, by meansicdr 
which the machine can be pushed forward by a servant in i 
difi&eult places ; and in front there arc two hooks, to which 
traces chn be made in order that a horse may be at>>. 
tached to the carriage if necessary. A more minute de-.. 
scription of this machine may be found in Memoires pr6^ 
sent^s a j^^^cademie Royale dcs Sciences, par divers 
S 9 avanls, vol. 4. 

We are informed by M. Brodier, the inventor of this', 
machine, that having caused one to be constructed, it 
weighed no more, inclhding the weight of his body, than 
378 pounds ; and calculating its eifeet according to tlie 
principles ot mechanics, he found tliat on ascending an in- 
clined plane of 8 degrees, it was capable of proceeding at 
the rate of 400 yards in 23 minutes, which is agreeable to 
experience. By ascending in this manner, the persOii' 
could not hiil to be fatigued ; but on firm ground, and on 
a horizontal pavement, a person might direct it for. along ' 
time; especially if assisted in the difHcult places by a 
child 14 or 15 years of age. - ^ 

The former editions of the Mathematical Recreations 
contain very brief descriptions of some machines of the 
like kind. The hist is a small rolling chair of the usual 
fofm, with 4 wheels, of which those before arc nioveable 
on their axis, and roll only by the impulse of those behind* 
The latter are strongly hxed to their axis, and this axis baa. 
in the middle a pinion htted into a crown-wheel, which thje 
person who sits in rlie carriuge turns by means of a handle^ ^ 
We much doubt whether this machine w^ ever attendi^^ 
with success, or rather we consider it to be Very defective^ • 
since tb^e.i|^^ng power is applied as near as possibwtO' 
tbe ceaj^i^'6'f motion. ‘ ' . , ' ^ jcvife 

Tbl^.ther carriage, i^s Ozanam says, was moved 
hoMflkikd behind, who trod alternately with/his • 

twd -mnyeabJe treadles. These .treadles^ in risings t 
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iug, moved two pieces oWobd, fitted into toothe<i wliebis 
fixed to the axis of the large wbcel^.’^ But this D^chafiisiiK 
ia €0 iadjjr explained by Ozanam/both in the dcscripUoit , 
and the figure, that no pne ban understand it ; for this 
son . we have thought proper to ma1ti|» total change in this 
article/ as we have done in many others equally defective" 
both in the form and the matter. 

PllOHLEM XLVI. . 

Mfith.o4 of constructing a small figure^ which when left to 
itself descends along a small stair on its hands and its 
f^et, 

Tliis small machine, the mechanism of which is very in- 
genious, was a few years ago brought from India. It is. 
called the tumbler, because its motion has a great re- 
semblance to tli.it of those performers at some of the pub*- 
lic places of amusement, who throw themselves backwards 
resting on their hands ; then raise their feet, and complete 
the circle by resuming their former position; but the figure 
can perform this movement only descending, and along 
a sort of steps. The artifice of tins small machine, is as 
follows: 

AB (Plate xi fig. 47) is a small piece of light wood, 
about 2 inches in length, 2 lines in thickness, and 6 in 
breadth. At its two exticmitics are two holes c and w, 
which servb 1^0 receive two small axes, around which the 
legs and arms of the figure arc made to play. At each 
extremity of tlie piece of wood tliere is also a small recep- 
tcicle^ of the form seen in the plate, viz, nearly concentric 
iildth thb holes ^^nd u; having an oblique prolongation 
toWjil^ds the middle of the piece of wood, and froifi tho 
end^of these two prolongations proceed two grooves &g 
and iff formed in the thickness of the wood, and nearly' a 
finer « diameter. ; . . 

, ^Qdibksilver being put into one of these receptacl^ tlU 
it'k o^aarly full, tliey are both closed up by' means of tery 
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light pieces of pasteboard » applied oo the sidef^ 'Sa the 
axb« through one of the holes c,. are affixed two 

supporters, cut into the (ormbf legs, liith feet somewhat 
lengthened, to give them *inore stability. And to the oti£ef 
axis, passing througl||b, are affixed two supporters, shaped 
like arms, with their hands placed in such a mannltr ^ks to 
become a base, w'hen the machine is turned backwards. |h 
•the last pla^, to the part gh is applied a sort of head and 
visage, made of the pith of the elder tree, and dressed after 
the manner of tumblers. A belly is constructed of the pame 
substance, and the whole figure is clothed in a silk dress, 
which descends to the middle of the thighs. Having thus 
given a general account of the construction of this small 
machine, we shall now proceed to explain its mode of action. 

Let us first suppose the machine to be placed upright 
on its legs, as seen fig. 48, or 49 No. 1. As all the weight 
is on one side of the axis of rotation c, because the recep- 
tacle of the quicksilver on that side is filled, the machine 
must incline to that side, and would be thrown entirely 
backw'ards, did not the arras or supporters, turning around 
the axis d, present themselves in a vertical direction ; but 
as they are shorter than the legs, the machine assumes the 
position represented 6g. 49 No. (a; and the quicksilver, 
finding the small groove Gg, inclined to the horizon, 
fipws with ffiipetuosity into the receptacle placed on the 
side D. 

Let us now suppose that at this moment the machine 
rests on the supports or arms dl, wdiich turn round l^be 
axis D : it is evident that, if the empty part of the machine 
is very light, the quicksilver being en^ely beyond the 
point of rotation d, will, by its considerable prepondejS^e 
, Overcome k, and cause the machine to revolve routfvfthe 
, axis n, ktkich will raise it, and make it turn on the Other 
ad^^nt as the supporters ck must necessarily be 
. ibniae others dl, that the line gd may have the^liiGlpa- 
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bsse must make a jiimp double. in height difibiv 
enne nf these supporters '$ otWwis^ the line f /, insjb^d 
Ilf ^nssuming e liorizontal position, would remain in^i^aied 
direction contrary to that whi^it ought to haivfe**^ ' 
Th#'macbine having then attained to the situation DLy 
fig, 49 n*, 3, and the quicksilver having passed int^the 
receptacle on the side c ; it is evident that tfre same noe* 
chanism which will raise it up, by making it turn round 
the point c, will overturn it on the other side, where the 
two supporters, w'hich revolve round the axis c, present it 
a base: this will make it resume the position of fig. 49 
and so on. Hence this motion will be perpetualf 
as tong as the machine meets with steps like the first. 
Remarks. — Some particular conditions are required in 
order that the supporters of the small figure, that is, its 
legs and arms, may present themselves in a proper manneri 
to keep it in the position in which it ought to he. 

lst.>.It is necessary that the great supporters, or legs, 
when they have arrived at that point at which the figure^ 
after having thrown itself topsy turvy, rests upon them, 
should meet with some obstacle, to prevent them or the 
figure ’iProm turning any more : this may be done by two 
small pegs, which meet a prolongation of the thighs. 

2d. While the figure is raising itself on 'its legs, it, is 
necessary that the arms should perform, on their axis, a 
semi-revolution ; that they may present themselves 'per- 
jteodtcnlar to the horizon, and in a firm manner, when 
the^figure throws itself backward. This may be accom- 
plished by furn^hing the arms of the figure with two small 
concentric to the axis of the umtion of these arms, 
or^r ^hich are conveyed two silk threads, that unite under 
lb# belly of the figure, and are fixed to a small cross bar, 

' |$ilning‘ the thighs towards the gtiddie; this will greatly 
Gonbnbute to their stability. These threads 'ttrak be 
' Idbglheifed, or shortenedy till this semi<4evolution cl the 
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arynsis exactly per formed j aticf.uhtil the 
placed oo^its four supporters, with its face turned hithl^V' 
upor.dow'n, does not waver; which it would cl6 if tbes^ 
ituppoiiters were not bound together in thus manner; ' 
if the large ones, or l%s, did not meet with an 
[urevent them from inclining any farther. W." * - 

^ PROBLEM XLVII. . ,j -v 

2h arrange three sticks, on a horizontal plane, in suck' A 
manner, that while the lower extramties of each rest 
that pUm, the other three shall mutually support each 
other in the air. * 

This depends merely on a little mechanical address, and 
may be perfoniicd in the following manner. 

Take tile first stick ah (fig. 50 pi. 11), and rest the end 
A on the table, holding the other raised np, so that tWe 
stick shall be inclined at a very acute angle. Place above ' 
it the second stick, with the tmd c resting on the table* 
And then dispose the third stick ef, in such a irtiinh^r,' 
that while the end e rests on tlie table, it shall pass below 
the stick ab, towards the upper end n, and rest on the 
stick CD. These three sticks, by this arrangement, will 
be so connected with each other, that the ends d, b and F 
will necessarily remain suspended, each supporting the 
other. 

PROBLEM XLVIll. 

To construct a cask, into which if three different kind^ ff 
liquor be poured, they be drawn off at pleasure by the . 
same cock, without being mixed. 

For this purpose, the cask must be divided into tb^ 
partitions, or cells, a, b, c, (fig. 51 pi. 11), intended^tot' 
ebntam the three difierent liquors ; ^ueb as red wine,' wbil^ ^ 
wkM^IAd water ; which, may be introduced eacHdnto^l^ ' 
projwcelli by the same bung, in the followings 
In constructing the cask^ a funnel n^ with three ‘ 
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Ey f con^eyed!|nto its eelly inust be fitted ifito 
the bua^i and within this funnel iiijust! be plac€|d anotbc^iT 
H| pierced with three holes, whfcb may be mad^ to cprre« 
spond, at pleasure, with the apertures of each pipe/ If 
eac^^Ie> in the interior funnel h, made to correspojnd, 
in siii^ssion, by turning it, with the aperture of tlie^pipe 
to which it belongs, the liquor poured into t|e funhel js, 
will pass into that pipe. In this manner each cell may be 
filled with the liquor intended for it, without one of them 
being able to mix with the rest; because w'hen one pipe is 
open, the other two are shut. 

But, to draw off each liquor also, without confusion, at 
the bottom of the cask, there must he three other pipes 
K, L, M, each corresponding to a cell ; and a kind of cook 
IN, pierced with throe holes, each corresponding to its 
p^pe, that by turning the stopper of the cock i, until one 
of these holes is brought opposite to its pipe, the liquor 
of the cell, to which that pipe belongs, may iiisue alone 
throu^l^ it. 

PROBLEM XLIX. 

To Ttiake a soft body^ such as the end of a candle^ pierce a 

board, 

^Load a musket with powder, and instead of a ball put 
oi^r it the end of a candle; if you then fire it against a 
board, not very thick, the latter will be pierced by the 
candle-end, as if by a ball. 

The cause of this phenomenon, no doubt, is that the 
rapid motion with winch the candle-end i-* impelled, does 
not allow it time to be flattened, and therefore it acts as a 
hard body* It is the effect of the inertia of the parts of 
n^tor^ as may be easily proved by experiment. Nothing 
is^qaisier to he divided than water; yet if the palm of the 
haa.d'l>^ struck with some velocity, against the surliio^'bf 
water, a considerable degree of resistance, and even of 
pabi, ts experienced from it, as if a hard body had been 
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slruck. ' Nay, a mudk^ ball; fired 4$ 

tfepblted Hy it^ and evei^ flattened. ’ Il^the mufik^t 
^tb a c^tain obliquity, the ball trill be reflected patid 
alter this reflection is capable of killing any persoti'^n^ 
«my be in its way- This arises from a certain time be^ 
necessary to communicate to any body a sensible SloUbiK 
When a bo|^ then moving with great velocity, meets with 
another of a size much more considerable, it experiences 
almost as much resistance as if the latter were fixed. ' 

/i 

PROBLEM L. - 

Tff break a stick, placed on two drinking glasses, by striking 
it with another stick, and without breaking the glasses , , ; 

We give this problem, and the solution of it, merely 
because it is found in all the editions of the Mathem^ickl 
Kecreations ; but, to speak the truth, those who attempt 
to perform it, ought to supply themselves with plenty' of 
glasses. However, the solution of it» whether real orfalsO, 
is as follows. ' 

The stick, intended to be broken, must neither be thick, 
nor rest with any great hold on the two glasses. Both its 
extremities must be made to taper to a point; and it 
ought'to he of as uniform a size as possible, in order that 
its centre of gravity, which in this case will be in the 
middle, may be more easily knoWn. 

The stick, supposed to possess all the above properties, 
must be placed w'ith its two extremities resting oh the 
edges of the glasses, which ought to be perfectly levd, 
tliat the stick may remain horizontal, and not inclmed to 
one side more than another. Care also must be taken that 
the points only shall rest liz^htly on the edge of each gfass. 
If a speedy and smart blow, but proportioned, as fair as 
be judged, to the size of the stick and the d^iiii^e'laf 
thS^kssGs, be then given to it in the middle, it Wifi Iktbak 
in two, without either of the glasses being injured^' 
Bemark.— We are far from warranting the^certaitaty 
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foXi irt Qii^=opii«<m^ah98e who try 
perliq«nt;.iv,Ul break maoy gla^i^es before, tke^break^t^ 
»tick. There is however a physical reason,, whnra r^adi^ 
tbiB'Siiocess possible ; and this reason ia the same as tb^ 
whbrk ojtuses a musket^ball to pier^f a weather-cook, or .a 
do 0 Tv-iboveabJe on its binges. The stiok indeed, wb^ 
S^rudt in the middle with a smart and sudde^ blow, caiy- 
not, on account of its mass, immediately acquire tb^ 
motion necessary to yield to the impetuosity of the blow : 
it is strongly retained, as it were, by its extremities ; and 
in that case will assuredly be broken. We must however 
rep^t, that we would not advise any one to try the eic- 
periment, unless furnished with plenty of glasses. 

. It might be tried however, in a manner less expensive, 
by making the extremities of the stick, destined to .be 
broken, to rest on two small bits of wood, fixed perpen- 
dicularly on a stool or board. A person, after being 
exercised in this manner, imglit perform tiie experiment 
with a}i, tllat appearance ot tlu‘ marvellous, which it a(> 
quires when the stick is made to rest on two glasses, 

PROBLEM LI. 

On the principles by which the possible ejfect of a machine 

can he determined. 

' y 

It is customary for quacks, and those w^ho have not a 
sufficient knowledge of mecoanics, to a'.cribe to machines 
prodigious effects, far superior to such fis are consistent 
with tile principles of sound philosophy. It may therefore 
be of utility to explain here those principles by which we 
ought to be guided, in order to form a rational opinion, 
respecting any proposed machine. 

Whatever may be the construction of a machine, even 
suppo^g it to be mathematically perfect, that is imnia- 
teri^'ttnd without friction, its effect, that is to sby, the 
weight put in motion, multiplied by the perpendicular 
to which it may be raised, in a determinate time. 
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cannot exceed t)ie product of the moving power, 
piled by the space it passes over in the same time, CoTti? 
sequdntlyf since every machine is material, and as it is i^<* 
possible to get entirely rid of friction, which will 
i^rily destroy a part of the power, it is evident that 0ie 
first product will always be less than the latter. Let us 
apply this to an example. 

Should a person propose a machine, which by the 
strength of one man apjiUed to a crank, or the lever of a 
capstan, shall raise in an hour S.'jOO gallons of water, to 
the height of 24 feet ; we might tell him, that he was igno* 
rant of the principles of mechanics. 

For the strength of a man applied to a crank, or to draw 
or push any weight, is only equal to about 26 or 28 pounds, 
with a velocity at most of 11000 feet per hour; and he 
could labour no more than 7 or 8 hours in successioii. 
Now, as the product of 1 1000 by 28 is 308000, if this pro- 
duct be divided by 24>, tluj height to \vluch the water is to 
be raised, the quotient will he 1283^1 pounds ofew^ter, or 
206 cubic Icet = 1540 gallons raisetl to tliat height; which' 
makes about 60 gallons, per minute, to the lieiglit of 10 
feet. This is all that could be produced by such a power 
in the most favourable ease. But the more complex thb 
machine, the greater is the resistance to be surmounted ; 
so that the product would never be nearly equal to the 
above effect. - 

In a machine, where a man should act by his own weight, 
and in walking, the advaiuage would not be much greater : 
for all that a man could (K> h}'^ walking, without any other 
weight than that of his body, on a plane inclined at an 
angle of ,30 degrees, would be to pass over 6000 tect per 
hour, esp^dally if he had to walk in this manner for 7 or 
8 hours.,'' But here it is the perpendicular height alqno, ^ 
wh^i^^ih this case is .OQOO leet, that is to be 
the product of 3000 by 1 50 pounds, which is. the average 
weight of a man, is 430000; the greatest efle'ct tberefoiFe, 
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of such a machine, would be 450000 pounds, raised to the 
height of one foot, or 18750 to the height of ®4 feet^ or 
about 90 gallons, per minute, to the height of 10 feet. By 
taking an arithmetical mean between this determination 
and the preceding, it Avill be found that the mean product 
possible of the strength of a man, employed to put in 
motion a hydraulic machine, is at most 75 gallons per 
minute; especially if cojitinued for 7 or S hours in the 
day. 

If the power were to act only for a very short time, as 
3, 4, or 5 minutes, the product indeed might appear more 
considerable, and about double. This is one of the arti- 
fices employed b}^ mechanicians, to prove the superiority 
of their machines. They put Jiein in motion fur some 
minutes, by vigorous people, who make a momentary 
effort, and thus cause tlie product to appear niucb greater 
than It really is. 

The above determination agrees pretty well with that 
given by Desaguliers in his Treatise on Natural Phi- 
losophy: for he assured himself, he says, by calculation, 
ihat the cffi cL of the simplest and most perfect iiiucliinesi, 
put in motion by men, never gives, i:i the ratio of each 
map, above 72 gallons of water per minute raised to the 
height of 10 feet. 

A ciremnstance, very necessary to be known in regard 
to machine o wlilcli ai c to be moved by horst^s, is as follows : 
ft horse is equal to about ^cven men*, or can make an effort 
in a horizontal direction of 210 pounds, moving uith the 
velocity of 10000 or 11000 feet per hour, supposing he is 

* C. Regnicr, in his desciiption of the Dynaiiornctrr, an instiument in- 
veqtQtl by him for the purpose of deteimmiiu; tlie rilatiit* strength of men 
and horses, putiishrd in tlie Journal de I’Ecnle Polyti'i’liiiique, vol. 2.p. 160, 
lays, that froip thr result of alt his expeiiinents it ippears, that the nH^An 
term of the mnxknum ot the strength of ordinary men, to raise a weight, is 
about 395 l>otiuda avridapois; which agrees with the experiments of Dela- 
hire, but vliich.O&saguiicirs considered ai. too small. In regard to horses, 
he says, that by taking the mean results given by 4 horses, of the middle 

VOL. II. ^ ^ 
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to work 8 or 10 hours per day. Desaguliers even gives 
le$s, and thinks that the force of a man is to be only quiu<* 
tuplecl to find that of the horse. 

’Those who are Ifcquainted with these principles, will 
run no risk of being deceived by ignorant or pretended 
mechanicians; and it is no small advantage to be able^to 
avoid becoming the dupe of such men, whose aim is often 
to pick tlie pockets of those who are so simple as to listen 
to them. 

PROBLEM LII, 

Of the Perpetual ilotion. 

The perpetual motion has been the quicksand of me- 
chanicians, as the quadrature of the circle, the trisection of 
an angle, &c, have been that of gcomcLricians; and as 
those who pretend to liave discovered the solution of the 
latter problems are, in general, persons scarcely acquaint- 
ed with tlie principles of geometry, those who search for, 
or imagine they have found, the perpetual mp^ji, are 
always men to whom tlie most certain and invariable truths 
in mechanics arc unknown. 

size, subjected to trial one after the other, the strength of onlinary horses 
ms^ be estimated at 794 pound*; nveidupois. 

Id comparing tlie relati\e force of men with that of hor!>cs, wlien the 
former <lraw a cart or a boat by the help of a i ojie, after various trials^ he 
found that the maximum of the strength of ordinary men, in dragging a 
horizontal weight, by the help of a rope, is equal to 1 10 pounds averdupois, 
and that of the strongest doG<> nc^t exceed 132 pounds avcidupois. Tliese 
different trials agree fuetty well -vitli tlie general received opinion, that a 
horse is 7 times as stiong as a man This principle, however, cannot be ad- 
mitted ill all eases; foi it is known hy experiment that a horse would sink 
under a burden, 7 timi s .is lieavy as that w'hich a man can support when 
•tanding upright. It may readily b conceived that what has been here said 
respecting mon and horses, is not applicable to daily and incessant labour; 
but we m^y deduce from it tins veryji^st consequence, that both can act for 
a whol^ day, when employing \ 5th of their absolute forces^/^ According to 
the ‘lihbve results therefore, the power which an ordinary man can exert fbr 
a eontiouaiUie in dragging or pulling, is equal to no more than aborit 22 
pounds, and that of the stronsest to about 26 pounds. 
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It ma}’ be demonstrated indeed, to all those capable of 
reasoning in a sound manner on those sciences, that a 
perpetual motion is impossible: for, to be possible, it is 
necessary that the effect should bed^ic ateernately the 
cause, and the cause the effect. It would be necessaiy, 
for’example, that a weight, raised to a certain height by 
another Aveight, should in its turn raise the second weight 
to the height from which it descended. But, according to 
the laws of motion, all that a descending weight could do, 
in the most perfect machine which the mind can conceive, 
is to raise another in the same time to a height reciprocally 
proportional to its mass. But it is impossible to construct 
a machine in which there shall be neither friction nor the 
resistance of some medium to be overcome ; consequently, 
at each alternation of ascent and diisccnt, some cjuantity of 
motion, however small, will always be lost: each time 
therefore, the weight to bo raised will ascend to a less 
heiglit ; and the motion will gradually slacken, and at length 
cease OTtirely. 

A moving piinciplc has been sought for, but without 
success, ill the iiiagiiet, in the gravity of the atmosphere, 
and in the elasticity of bodies. If a magnet be disposed 
in such a manner as to facilitate the ascension of a weight, 
it will afterwards oppose its descent : Springs, after being 
unbent, rcquiio to bo bent by a new foice equal to that 
which tlie^ exercised j and the gravity oi the atmosphere, 
after forcing one side of the inachine to the lowest point, 
must be itself raised again, like any other weight, in order 
to continue its action. 

We shall Iiowever give an account of various attempts 
to obtain a perpetual motion, because t^'ey may serve to 
show how much some persons have suffered themselves to 
be deceived, on this subject.' 

Fig. 52 pf. 12, represents a large'wheel, the circumfer- 
ence of which is tnvnished, at equal distances, with levers, 

XJ 2 
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each bearing- at its extremity a weight, and moreable oh a 
hinge, so that in one direction they can rest upon the cif- 
camference, while on. the opposite side, being carried 
away by the’^weiglK^at the extremity, they are obliged to 
arrange themselves in the direction of the radius Con* 
tinupd. This being supposed, it is evident that whei^the 
wheel turns in the direction ah Cy the weights a, b and c 
will recede from the centre; consequently, as they hct 
with more force, they will carry the wheel towards that 
side; and as a new lever will be thrown out, in proportion 
as the wheel revolves, it thence follows, say they, thatf the 
wheel will continue to move in the same direction. But, 
notwithstanding the specious appearance of this reasoning, 
experience has proved that the machine will not go; and 
it may indeed be demonstrated that there is a certain 
position, in which the centre of gravity of all these weights 
is in the vertical plane passing through the point of sus- 
pension, and that therefore it must stop. 

^ The case is the same witii the following mach^^^hich 
it would appear ought to move also incessantly. In a 
cylindric drum, in perfect equilibrium on its axis, are 
formed channels as seen in fig. 53, which contain balls of 
lead, or a certain quantity of quicksilver. In consequence 
of this disposition, the balls or quicksilver must, on the 
one side, ascend by approaching the centre; and on the 
other must roll towards the circumference. The machine 
then ought to turn incessantly towards that side. 

A third machine of this kind is represented fig, 54. It 
consists of a kind of wheel formed of six or eight arnls, 
proceeding from a centre, where the axis of motion is 
placed. Each of these arms is furnished with a receptacle 
in the form of a pair of bellows ; but those on the opposite 
arms stand in contrary direeftons, as seen ib^he figure. 
The moveable top of 'each receptacle has amiked to'it a 
Weight, wtiich shuts it in one situation and opens it in the 
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Other. In the l^st place, the bellows of the opposite arms 
have a communication hy means of a canal, and one ^ 
them is filled with quicksilver. 

, These things being supposed, it is jusible^ that thebel? 
lows on the one side must open, aridthose on the other 
mmt shut; consfequently the mercury will pass from the 
letter into the former, while the contrary w'lll be the case 
on the opposite side. 

It might be difficult to point out the deficiency of this 
reasoning; but tlio^e acquainted with the true principles 
of mechanics will not hesitate to bet a !iun Ired to one that 
the machine, when constructed, will not answer the in«* 
tended purpose. 

The description of a pretended perpetual motion, in 
which bellows, to be alternately hllen with and emptied of 
quicksilver, were employed, may be^scen in the Journal 
des Sjavans for 168 j. It was refuted by Bernoulli, and 
some others, and it gave rise to a Jorjg dispute. The best 
methQi||^'*^hici) the inventor could liave employed to defend 
his invention, would have been to construct it, and shoiv 
it in motion ; but tliis was never done. 

We shall here add another curious anecdote on this sub- 
ject. One Orfyreus announced, at Leipsic, in the year 
1717, a perpetual motion, consisting of a wheel, which 
W'ould continually revolve. This machine was constructed 
the landgrave of Ilesse-Cassel, who caused it to be shut 
np in a place of safety, and the door lo be sealed with his 
own seal. At the end of 40 ds^s, the door was opened, 
and the machine was found in motion. This however af- 
fords no proof in favour of a perpetual motion ; for as 
clocks can be made to go a^ear wiiiiout being wound up, 
Orfyre-js’s wheel might easily go 40 days, and even more. 

The result of this pretej||ded discovery is not known ; 
we are informed, by one of the journals, that an English- 
man olpTcired 80000 crowns for this machine; but Orfyreus 
refused to. sell it at that price ; in this he certginly dieted 
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wrong, as there is reason to think that he obtained by bis 
htyention, neither money, nor even the honour of having 
discpycrcd the perpetual motion. 

The Acadj^y o^g^aintiiig, at Paris, possessed a clock, 
which had no 'need of being wound up, and which might 
be considered as a perpetual motion, though it was not so. 
But this requires some explanation. The ingenious author 
of this clock employed the variations in the state of the 
atmosphere, for winding up his moving weight: various 
artifices might be devised for this purpose ; but this is no 
more a perpetual motion, than if the flux and reflux of the 
sea were employed to keep the machine continually goings 
for this principle of motion is extciior to the machine, and 
forms no pait of it. 

But enough has been said dn this chimera of mechanics. 
We sincerely hope that none of our readers will ever lose 
themselves in the ridiculous and unfortunate labyrinth of 
such a research. 

To conclude, it is false that any reward has bei^^vo- 
mised by the European powers to the person shall 
discover the perpetual motion ; and the case is the same 
in regard to the quadrature of the circle. It is this idea, 
no doubt, that excites so many to attempt the solution of 
these problems 3 and it is proper they should be uii* 
deceived. 

PROBLEM Llll. 

To determine the height of the arched ceiling of a chicrch, 
by the vibrations oj the laynps suspended from it. 

For this invention we arc indebted, it is said, to Gallileo, 
who first ascertained the ratio of the duration of the os- 
cillations made by penduluins*of lifferent lengths*. But 

* Indeed, it ueems it was by ttiat author accidentally obsecving the unu 
formity in the intervals ot the swia» of the suspended lamp*, that he'first 
thfik the hint of employing the uscilUtions of pendulous bodies, or (les- 
duluins, for the purpose of measuring time. And hence the ipveutiQD of 
pendulum clocks. 
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in order that this method may have a certain degree of ex- 
actness, the weight of the lamp ought to be several times 
greater than that of the cord by which it is supported. ' 

This being supposed, put the laimj in motion by re- 
fnoving it a very little from its perjlendicuiar direction, 
of carefully observe that communicated to it by the air, 
wfach is ver}' common ; and with a stop-watch find how 
many seconds one vibration continues, or, if a stop-watch 
is not at hand, count the number of vibrations performed 
in a certain number of minutes: the greater the number 
of minutes, the more exact will the duration of each 
vibration be determined ; for nothing will then be neces- 
sary, but to divide those minutes by the number of vibra»f 
tions, and the quotient will be the duration of each in 
minutes or seconds. ^ 

We shall here suppose that it has been found, by either 
of these methods, tliat the time of each vibration is se- 
conds ; square 54, which is 304, and multiply by it 394 
inche9|the length of a pendulum that swings seconds in 
thej^tiade of London, the product will be 98 ft. 7 inc. 

6 lin.,*' which will be nearly the height from the point of 
suspension to the bottom or rather centre of the lamp. 

‘ If the distance from the bottom of the lamp to the pave- 
ment be then measured, which may be done by means of 
a stick, and added to the former result, the sum will give 
the height of the arch above the pav’ement. 

This solution is founded on a property of pendulums, 
derabnstrated in mechanics ; which is, that the squares of 
the times of the vibrations are as the lengths ; so that a 
pendulum 4 limes the length of another, performs vibra- 
tions which last twice as long. 

' But on account of the irregular iorin of the lamp, and 
the weight of the rope, which sustains it, we must confess 
that this method is ratbei* curious than exact. Wo shall 
however present the reader with* another problem of the 
fituue kind. 
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PROBLEM LIV. 

To measure the depth of a well, by the time elapsed between 
^Ihe commencement of the fatl of a heavy body^ and that \ 

•when the sound of^s fall is conveyed to the ear. 

Have in readiness a srnall pendulum that swings half 
seconds, that is, inches in length, between the centre 
of the ball, and the point of suspension. You must also 
employ a weight of some substance as heavy as possible, 
such for example as lead ; as a common stone or pebble 
experiences a considerable retardation in falling, and there^ 
fore would not answer the purpose so well. 

, Let go the weight and the ball of tlie pendulum at the 
same moment ol time, and count the number of the vibra« 
tions the latter makes, till the moment when you hear the 
sound. We shall here suppose that there were 10 vibra- 
tions, which make 5 second.^*. 

As a heavy body near the earth’s surface falls about 
16-r‘Y feet in one second of time, or for this purpose l!6*feet 
will be exact enough; and as sound moves 
of 114‘2 feet per second ; multiply together 1142, 16 and 
5, which will give 91360, and to four times this product, or 
865440, add the square of 1142, w hich is 1304 164, and the 
sum will be 1669604; then if from the square root of the last 
numbers 1292 the number 1142 be subtracted, the re- 
mainder 130 divided by 32 will give 4'69 for the number 
of seconds* which elapsed during the fall ol the body; if 
this remuindt r be subtracted h oui 3, the number of se- 
conds during which the body vas falling and the sound 
returning, we shall have 0 31 loi the time which the sound 
alone employed befoie it icacbed the car; and this num- 
ber multiplied by 1 142, will give ^or product 354 feet = 
the depth of the lell. 

This rule, winch we must allow^'to be rather complex, 
ist’ounded on the property of falling bodies, which are ac- 
celerated in the ratio of the tunes, so that the spaces passed 
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over increase as the squares of the times But as the 
resistance of the air, which in considerable heights, such 
as those of several hundred feet, does not fail to retard the 
fell in a sensible manner, has been nejglected, the case of 
this problem is nearly the same as with we preceding ; that 
is to say, the solution is rather curious than useful. 


* For the sake of our algebraical readers we shall hei e show bow to find the 
formula from which the above rule is deduced : Let a=»b, A = c=sll42, 

and let s be' the time which the body employs in fulling, coiiscqueiilly a—x 
will be the time of the sound returning. Then as : & : : . 6 x* as depth 

of the well; and 1 : c : : a— x: ta— c* = depth of the well also; theiefore 


txfli 


• .... c ca 

Bca^^cx, and by Iranspj&itKin anil division, a® + -'*a= — . 

u b 




Alra + c* 


Completing 
>ea + 


4 /,* 




and x= 


^/4bca + <^ c v^(r* + 4'j6cl — c 

' ^ ~~ 4Z.» 26 


; nearly 


the time of 


descent. Coiicequeully a— - 


a^b 


a6 + c 

is nearly the time of the sound's 


ab + c ab + c 

ascent. 

Hen^ f^om the expression * much simpler rule is obtained for 

(he diiccnt, which is as follows: Multiply 1142 by 5, which 

gives ra^iirbdurt 51 1C , then multiply also Ifi hy 5 which gives 80, to which 
add thia eixrs 12S2, by tvhich sum dnidc the first product 5710, and 

the quotient 4*69 will be the time of dParent, nearly the same as before. 
This taken from 5 Icnves U'3'2 for the time of the ascent; which multiplied 
by 1H2, grtes 365 for the (Upth, diiTciing but little from the former more 
exact number. 
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Historical account of some extraordinary and celebrated me-* 
chanical t^orks. 

An essential part might seem wanting to this work if we 
neglected to give account of the various machines, 
most celebrated both among the ancients and moderns. 
We shall tiicrcfore take a cursory view of the rarest and 
most singular inventions, produced by mechanical genius, 
in different ages. 

§ I. Of the machines or automatons of Archytas^ Archi- 
* modes, Hero and Ctesibius. 

i 

Some machines of tins kind are mentioned in ancient 
history, in terms of the utmost admiration. Such were 
tbe tripod automatons of Vulcan; and tlie dove of Ar- 
chytas, which, as we arc told, could dy like a real animal. 
We have no doubt however, that the wonderful properties 
of these machines, if they ever really exiated, haye been 
greatly exaggerated by credulity *, and by the a g^jj^ ts of 
them bein^ banded down through such a lonjg;Vj^^s of 
ages. We are told also of the moving sphere of^Atchi- 
medes, in which, as appears, that celebrated philosopher 
had represented all the celesti.d motions, as they were 
then knoM’n ; and this, no doubt, was a master-piece of 
mechanism for that remote period. Every one is ac- 
quainted with the famous verses of Claudiau on this 
machine. 

Several wonderful tnachiiio were constructed also by 
Hero and Ctesibius of Alexandria. An account of some 
of those invented by Hero may be seen in book called 
Spirita^ia. Some of them are very ingenious, and do 
honour to the talents of that nic»hanician. 

§ II* Of the machines ascribed tOf^lhert the Great, and to 
Jtegiomonianus, 

Thai ignorance, in the darkness of which all Europe w^ 
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involyed, from the 6th or 'Tth century to the I5th^did not 
entirely extinguish medianicargenius. We^re told that 
the embassadors sent by the king of Persia to Charlemagne 
brought, as a present to the latter, a t^achine, which, ac« 
cording to the description given of it, would have dohe 
honour to our modern mechanicians; for it appears to 
have been a striking clock, which had figures that per- 
formed' various movements. It is indeed true that, while 
Europe was iminerscd in ignorance, the arts and sciences 
diffused a gleam of light among the nations of the East. In 
regard to those of the West, if we can believe what is re- 
lated of Albert the Great, who lived in the 13th century, 
thatnialhematiciaii constructed an automaton in the human 
form, which when any one knocked at the door of its ceil, 
came to open it, and sent forth some sounds, as if address- 
ing the person who entered. At a period later by some 
centuries, ricgioinontaiius, or John Muller of Konigsberg, 
a cclebja.ted astronomer, constructed an automaton in the 
figu|^^;ti fly, which walked around a table. But these 
acc^^ aYe probably very much disfigured by ignorance 
and ^!*i^julity. 'Pne following however are instances of 
niechanicai skill, in wliicli there is much more of reality. 

§ 111. Of various celebrated Clocks, 

In the 14th century, J.imcs Dniidi constructed for the 
city of Padua a clocU, i\liich was long considered as the 
wonder of that period. Besides indicating the hours, it 
represented the motion of the sun, moon, and planets, as 
well as pointed out the different festivals of the year. On 
this account, Dondi got tiie surname of Horologio, which 
became that of bis poaterity. A li'tlc time after, William 
Zelandiu constructed, for the same city, one still more 
complex; which was repaired in the IGth century by 
Janellus Turriunus, tli^^ecbanician of Charles the 5tb. 

But the most ceiebrifted works of this kind are the clocks 
of the cathedrals of Strasburgh and Lyons. That of Stras- 
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burgh was the work of Conrad Dasypodius, a mathematician 
oftliatcitv, who lived towards the end oftbe 16th century, 
and who finished it about the year 1573. It is considered 
as^ the first in Europe. At any rate there Is none but that 
of Lyons which can dispute pre-eminence with it, or be 
compared to it in regard to the variety of its effects. 

The face of the basement of the clock of Strasburgh 
exhibits three diaLplatcs ; one of which is round,)^ and con- 
sists of several concentric circles ; the two interior ones of 
which perform their revolutions in a year, and serve to 
mark the days of the year, the festivals, and other circum- 
stances of the calendar. The two lateral dial-plates are 
square, and serve to indicate the eclipses, both of the sun 
and the moon. 

Above the middle dial-plate, and in the attic space of the 
basement, the days of tlie week arc represented by different 
divinities, supposed to preside over the planets from which 
their common appellations are derived. The diviniUt^of the 
current day appears in a car rolling over the 
at midnight retires to give place to the succeeifil^^^^. 

Before the basement is seen a globe, borne on the^wings 
of a pelican, around which the iun and moon revolved j 
and which in that manner represented the motion of these 
planets; but this part of tlic machine, as well as several 
others, has been deranged for a long time. 

The ornamented turret, above this basement, exhibits 
chiefly a large dial, in the form of an astrolabe; which 
shows the annual motion of the sun and moon through the 
ecliptic, the hours of the day The phases of the moon 
are seen also inaiked out on a particular dial-plate above. 

This work is remarkable also for a considerable a^em- 
blage of bells and figures, which jierform diHerent motions. 
4bove the dial-piatc last mcntioi^, for example,^tbe four 
ages|;j]f man are represented bystymbolicafjfigures: one 
pa$S|^' every quarter ot* an hour, smd marks the quarter 
by $tnking on small bells ; these figures are followed by 
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death, who is expelled by Jesus Christ men from the 
grave; who however permits it to souna the hour, in 
order to warn man that time is on the wing. Two small 
angels perform movements also ; one^striking a bell with 
d sceptre, while the other turns an hour-glass, at the el« 
piS'ation of an hour. 

In the last place, this work was decorated with various 
animals, which, emitted sounds, similar to their natural 
voices'; but none of them now remain except the cock, 
which crows immediately before the hour strikes, first 
stretching out its neck and clapping its wings. The voice 
of this figure however is become so hoarse as to be much 
less harmonious than the voice of that at Lyons, though 
the latter is attended, in a considerable degree, witli the 
same defect. It is to be regretted that a great part of this 
machine is entirely deranged. It would be worthy of the 
illustrious metropolitan chapter of Strasburgb to causeMt 
toh&^^ired: we have beard indeed that it has been at- 
te m^ Sjp^||ut that no artist could be found capable of per* 

The clock of the cathedral of Lyons is of less size than 
that of Strasburgh ; but is not infci «or,to it in the variety 
of its movements ; and it has the advantage also of being 
in a good condition. It is the work of Lippius de Basle, 
anti was exceedingly well repaired in tlic last century by an 
ingenious clock-makcr of Lyons, natm d Nourisson. Like 
that of Strasburgb, it cxiiibits, on dilforcnt dial-plates, the 
annual and diurnal progress of the sun and moon, the days 
of the year, their length, and the whole calendar, civil as 
weir^ ecclesiastical. The days of the week are indicated 
by symbols more analogous to the jdace where the clock 
is erfected ; the hours are announced by the crowing of the 
>j:6ck, thVee'l^fnes repea^, after it has clapped its wings, 
and made various other movements. When the cock has 
abli^ crowing, angels appear, who, by striking various 
b'ells, perform the air of a hymn'; the annunciation of the 
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Virgin is represented also by moving figures, and bj' tbe 
descent of a dove from the clouds; and after this me* 
cbanical exhibition, the hour strikes. On one of the sides 
of the clock is seen an oval dial-plate, where the hours and 
minutes are indicated by means of an index, which length* 
ens or contracts itself, according to the length of the se^jU 
diameter of the ellipsis over which it move's. 

A very curious clock, the work of Martirj^ot, a celebrated 
clock-maker of the l7th century, was to be seen in the 
royal apartments at Versailles. Before it struck the hour, 
two cocks on the corners of a small edifice crowed alter- 
nately, clapping their wings ; soon after two lateral doors 
of the edifice opened, at which appeared two figures Ideat- 
ing cymbals, beaten on by a kind of guards with cws. 
When tliese figures had retired, the centre door was thrown 
open, and a pedestal, supporting an equestrian statue of 
Louis 14th, issued from it, wliile a group of clouds sepa- 
rating gave a passage to a figure of Fame, which and 
hovered over the statue. An air was then perj^Ml^ by 
bells; after which the two figures rc-cntcred';/Jn^two 
guards raised up their clubs, which they had lowered as if 
out of respect for the presence of the king, and the hour 
was then struck. Though all tliese tilings are easy for in- 
genious clock-makers of the present day, when we come 
to treat of Astronomy, we shall give an account of some 
machines of this kind, purely astronomical, which do ho- 
nour to the inventive genius of those by whom they were 
constructed. 

§ IV. Antoii^ton machines of Father Trucket^ M. Camus, 
and M. de Faucansou. y 

Tojyards the end of the Hth century, Father Truchet, 
royal Academy of Scien^s, consti^Cted for 
ao^M^ement of Louis 14Lh, moving pictures, which were 
epQsiderea as very remarkable master pieces of mechanics. 
One of these pictures, which that monarch called his little 
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represented an opera of five nets, and changed the 
decorations at tho commencement of eadh. / The adore 
performed their* parts in pantomime. THe representation 
could be stopped at pleasure ; this effect was produced by 
letting go a catch, and by means of anoth^ the scene could 
b^made to re^commence at the place where it had been- 
interrupted. This moving picture was 16 inches and a 
half in breadth,^ 13 inches 4 lines in height, and 1 inch 3 
lines in thickness, for the play of the machinery. ac- 
count of this piece of mechanism may be found in the 
eulogy on Father Truchet, published in the Memoirs of 
the Academy of Sciences, for the year 1729. 

^pother very ingenious machine, and in our opinion 
nitfcli more difficult to be conceived, is that described by 
M. Camus, a gentleman of Lorrain, who says he con- 
structed it for the amusement of Louis 14lh, when a child. 
Tt consisted of a snruxll coach drawn by two horses, in which 
was tl^6^ure of a lady, with a footman and page behind, 
give credit to what is stated in the work of 
M. this coach being plac(»d at the extremity of a 

table of a determinate size, the coachman smacked his 
whip, and the horses immediately set out, moving their 
legs in the same inaiincr as real horses do. When the car- 
riage reached the edge of the table, it turned at a right 
angle, and proceeded along that edge. When it arrived 
opposite to the place where the king was seated, it stopped, 
and the page getting down opened the door, upon which 
the lady aliglited, having in her hand a petition which she 
presented with a curtsey. After waiting some time, she 
again curtsied, and re-entered llie carriage ; the page then 
resumed his place, the coachinan whipped Ins horses, which 
began to move, and the footman, running after the carriage, 
jutiipi^ up bi$]liind it. ^ 

Tt is much to be regretted that* M. Camus, ^stead of 
con^fining hinn.elf to a general account of the mechanism, 
which he employed to produce these cftects, did not enter 
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Wto «^tnorc minute description; for, if they aV!etr61^,'tt 
must have reqt^n^d a very singular artifice to pr^rtet 
them, and^Jlie same means might be implied to machtrt^ 
of greater utility. > 

•’ About 30 or 3^ years ago, three very curtoua 
vere exhibited by M. de Vaucanson, viz, M^iaton^littn 
flute-player, a player on the flageolet and tailibburiffS^aOd 
an artificial duck. The first played sev^n^il'airs on* the 
flute, with a precision greater perhaps than was ever Vft- 
tallied to by the best living player, and even executed ^0 
tonguing, which serves to distinguisli the noteiil’ Accord- 
ing to M; de Vaiicanson, this part of the machinery cost 
him the greatest trouble. In short, the tones were 
produced in the flute by the proper motion of the finj^s* 
The player on the flageolet and tambourine performed 
also some airs on the first of these instruments, and at the 
same time kept continually beating on the latter. * ' ' ' 
But the motion of the artificial duck, in our OB^mon, 
was stili more astonishing ; for it extended its n^^^sed 
up its wings, and dressed its feathers with its bill 
up barley from a trough, and swallowed it ; drank frbiA 
another, and, after various other movements, voided some 
matter resembling excrements. The first time 1 saw these 
machines 1 immediately discovered some of the artifices 
employed in regard to the two former, but I confess that 
the latter baffled iny penetration. * 

We have also of late been amused, b}'- M. Droz and M.' 
Maillardet, 8tc, with the surprising performances of 
chess-player^ the small but sweet singing-bird, the Wrttinjjf 
figure, the Musical lady, the conjurer, the ' tumblbf, 
&c, 8cc. 
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^ Of the Machin^at Marly, 

It^^#ilji^oubtless be allowed, that the machines 'db6vh 
in^nition^ are, in general, more curious than useffilF; btfV 
there are other two, the oh^brxty alnd^ntility of whi^hte^ 



qum tbafe we sbcmld here them a p}^. liSiye m 
the machine of Marly, and that known hi^rthe name of 
the sl^ai engine. We shall begin with the fdli|ier, W the 
construction andrcifects of which the following brief1de» 
give soine idea. ^ ‘ 

Jl^be ttidclltnje of Marly consists of 14 wheels, each ahoOt 
86>j@|0t in.jdiki^ter, moved by a stream of water, c^fined ^ 
by an estact^e^ and received into so many separate hhan-^ 
nelsi Each wheel has at the extremities of its axis, two 
cranks, and this forms 28 powers, distributed in the follow** 
tng manneifit.^ ^ 

It must however be first observed, that the water is 
raiipl, to the place to which it is to be conveyed, by three 
di&rent stages ; first from the river to a reservoir, at the 
elevation of 160 English feet above the level of the Seme; 
theato a second reservoir 346 feet higher ; and from the 
latter tp the summit of a tower, somewhat more than 533 
feet above the river. 

cranks, above mentioned, 8 are employed to 
gi.Ve'/4iid)tion to 64 pumps; which is done by means of 
working beams, having 4 pistons at each extremity of their 
arms : this makes 8 to each working beam, which are drawn 
up and pushed down alternately. These 64 pumps force 
up the water to the first reservoir ; and this reservoir fur- 
nishes water to the first well, on which is established the 
second set of pumps. 

.Eleven more cranks are employed to force the water 
from the first well to the second reservoir. This is done 
means of long arms adapted to these cninks, which 
move large frames, to one of the arms of l^ich are kt- 
jtached strong iron chains, that extend from the bottom of 
the^cCountaru to the first well. These chains, called ^e- 
vaffib, are formed of pallid bars of iron, the extremities 
ofwhict) arc bound together by iron bolts, andiArc^siip- 
psorted.gt certain intervals by transversiil piecesof wood, 
on an axij|| that pew*^ through the middle of 
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csaach visd that w^n the upper bar of iroii» for,ex^pJlefcji|i 
drawn down by lower end, a|l these pieces o^ ij^o^ 
incline' in direction, and the lower part moves bac]|t* 
,wards and pushes in a direction contrary^o the upper opp« 
These bars or clfeuns serve to put^in motion the wpdMnf 
beams^pr squares, and the latter move the,p|st6ns pf 80 
sucking and forcing pumps, which raise t,he water, 
the first well to the second reservoir. 

'll/' ■ ‘ 

In the last place, 9 other cranks, by a similar mechanj^^, 
put innxiotion those chains, called the grands cbeyaletSf 
w^hich move the pumps of the second well, ahd rai$e tho 
water from it to the summit of the tower. These pumps 
are in number 72. ^ 

Such, in a few words, is the mechanism of the ma<^^e 
of Marly. Its mean product, as said, is from 30000 to 
40000 gallons of water, per hour. We make use of tbp 
term mean product, because at certain times it raises ,60000 
gallons, but only under very favourable circumstances. 
Dpnng inundations, when the Seine is frozen, the 
water is very low, or when any repairs are makibg, tjip 
machinery stops either entirely, or in part. We have r^d 
that in the year 1685 it raised 70000 gallons per hour; 
but this we can scarcely believe ; if by tliat quantity is 
understood its mean product; as it would be above 1000 
gallons per minute. 

However this may be, the following calculation is found- 
ed on details collected on purpose. The annual expence 
of the machine, including the salaries of those who super- 
intend it, and the wages of the workmen employed, to- 
gether with^pairs, necessary articles, &c, may amount to 
about 3800/ sterling, or 9/. per day ; which makes about 
1 farthj^ per 90 gallons. But if we take into this accoupi^i' 
the^erest of the 333000/. whicb^it is said, were expemi^ 
m, c ^s tructioii of jt, 90 gallons will cost 3, halfp^ime^ 
nybich i^t the rate of a farthing for 15 gallons. , 
iary far from the price wbieb Uie Kin^of Denm^k 



be toigKt set on this water ; for that priti^,%hefrhe paM 
to Marly, in the year 17&9, hdll^^astdnished, no 
Idfoubt, at the immensity of the machine', thd'lq^iltitude.of 
its '^ovemenis, mnd the number ol^the 'inrorkmen it ' 010 - 
hh ohserved that the water pcrh^s cost as miich 
as i^ine.' By the above calculation the reader may see 
bo^ far his majesty was mistaken. 

It is an important question to know, whether' the ma- 
chine at Mjsirly could be simplified. On this subject' we 
shall give a few observations, which from some experiments 
ihadb, and a minute examination of the different part^ of 
the machine, appear to be founded on probability. 

.^^ople in general are surprized that the inventor of this 
im^ine should cause the water, in some measure, to make 
twO rests, before it is conveyed to the summit of the tower. 
It has been humorously said, that he no doubt thought 
the 'tvater .would be too much fatigued to ascend to the 
perpebdicular height of more than 533 feet,’ all at^onC 
breatW It is more probable that be thought his moving 
force*’ would not be sufficient to raise the water to that 
height ; but this is not agreeable to theory ; for it is found 
by calculation, that the force of one crank is more than 
sufficient to raise a cylinder of water of that altitude, and 
above 8 inches in diameter. Able mechanicians however 
are of opinion, that though this be not impossible, to c^rry 
ifc into execution would be attended with great inconveni- 
ences, which it would be too tedious to explain. 

Blit it appears certain at present, that the water might 
be raised in one jet to the second well. Tlii^xesults from 
two experiments, one made in 1738, and the tSher in 1775. 
In tire first, M. Camus of the Iloyal Academy of Scienc|ii^, 
eodit^voiired to make the water rise in one jet to the towiE^r ; 
I^%ttempt was not attendc'd with success, but he miads it 
rise to the foot of the tower, wlnch-is consideraj^ higher 
th^n ’^'^cond reservoir ; hence it follows,"^ that if he had 
CG^fJ^d himself to miakiiig th^4^ater rise in one jet to'the 
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second 'lieservoir, he WouU hllive suoceed<^d; It is said that^ 
daring this ej^fiment^^the machine was prodigiofisly 
strained j was even found necessary to secure aon^ 

parts of it‘ with chaiA ; that it required ^4 hoqrs to 
it to that height ^hich is about 4&0 feet, andtfKit it 
not possible to make it go farther. The pttject of t]^ 
second trial, made in 1775, was to raise the water onl^, to 
the second well. It indeed ascended thither at difl^^ 
times, and in abundance ; but the pipes were exceedingly 
strained at the bottom, so that several of them burst ; and 
it was necessary to suspend and recommence the exfiieri'^ 
ment several times. It is however evident that this aro^ 
from the age of the tubes and their want of strengtlkMs 
they had not the proper thickness ; a fault which m^t 
have been easily remedied. Here then we have one step 
towards the improvement of the machine; and it results 
from this trial, that the chains which proceed from the river 
to tjje tirst well, might be suppressed, and even 
wdi itself. 

"it still remains to be determined, whether the water pould 
be made to ascend, in one jet, to the summit of the tower. 
This would be a very curious experiment ; but no dqubt 
difficult and expensive, because it would be necessjary to 
make considerable changes in different parts of the ma-< 
chine ; and even in the case of its succeeding, the water 
raised: might perhaps be in such small quantity, that it 
would be better to retain the present mechanism. 

It is probable that various improvements might be made 
in different parts of the machine. In several positions* the 
moving forc^act only obliquely, which occasions a grcRt 
loss of^power, and must tend to render the machine ,les4 
efectui^ The form of the pistons, valves, and aspirRti^^D 
tube^itbight perhaps admit also of some change. . 
thkM^j^the place fo|: entering into these details, s^U 
pt^eedlm tl^ Steam Engine, of which wc p):Qm|de4 
i|fve a short description. 
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, iVI. Of the Steam Engin^^ ' 

Stektn Engine is that perhaps the genius 

Of mehhanisra has been manifested ^ the hignbst degree ; 

ppIdeB could be more happy than j^at of employing 
^Itei^te^^ as moving powers, the expansive force of the 
'steaiii of Water, and the weight of the atmosphere. Such 
iade^ is £he principle of this ingenious machine, which is 
it ^^sent employed with so much success in pumping 
'water' from mines, and for a variety of other purposes in 
the arts and manufactures. 

' iThe first part of this machine is a large boiler, to the 
Oover of which is adapted a hollow cylinder, 3, S, or 4 
in diameter. A communication is formed between the 
boiler and the cylinder by an aperture, capable of being 
evened or shut. Into this cylinder is fitted a piston, the 
^rod of which is made fast to the extremity of one of the 
arms'of a working beam, having at the extremity of its 
Other, wm, the weight to be raised, which is generally the 
pisthn of a sucking pump, adapted to raise water frcim a 
great depth. The whole must be combined in such a 
manner, that when the air or steam has free access into 
the cylinder, which communicates with the boiler, the 
weight alone of the apparatus affixed to the opposite arm 
shall be capable of raising that piston. 

’ Let us now suppose the boilei filled with xvater^to a 
. certain height, and that it is brought to a state of complete 
ebullition, by a large fire kindled below the boiler. As a 
part of this water will continually rise in steam, when the 
Communication between t]?e boiler and cylinder is 
opened, this vapour, which is elu'^tii^, will introduce itself 
irito it, and raise the piston ; as its force is equivalent to 
tbkt of air. Let us suppose also that the piston, when it 
^afuins to a certain height, by means of some mechanism, 
Mr|iich may be easily conceived, tnoves a cerri|ri part of 
thujliabhine, which intercept^i’ the commur^ation between 
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the holier atid the cylinder ; end in the last^placd* tliat 
the same cause a of cold water is thrown hen^h tfa^ 
boMcm of tt|^ piston in the cylinder, so as to fkll dowil: 
through thd vapour in the form of rain. At that momeifl^ 
the steam will be condensed into water ; a vacuum 
formed in the cylinder, and consequently the piston wift 
be then charged with the weight of the atmospi^re above 
it, or a weight equivalent to a column of water of the saine 
base and 3Q feet in height. If the piston, for example, 
incites in diameter, as is the case in the steam.^enguies' 
of Montrelais, near Ingrande, this weight will be Oquai to 
29450 pounds : the piston will consequently be oblrgedlio 
descend with a force equal to nearly SOOOO pounds, and' 
the other arm of the working beam, if it be of the 
length, will act with an equal force to overcome the re- 
sistance opposed to it. When the piston has made this 
first stroke, the communication between the boiler and the 
cylinder is restored ; the steam of the boiling water again 
enters it, and the equilibrium between the air of the Atmo- 
sphere and the inside of the cylinder being re-estabfi^ed, 
the weight of the apparatus affixed to the other end of thd 
working beam descends, and raises the piston ; the same 
play as before is renewed ; tlic piston again falls, and the 
machine continues to produce its effect. 

It may be readily conceived, that wc must here confine 
ourSdlyes to this short sketch ; for a long description and 
a variety of figures would be necessary to give a correct 
idea of the many different parts requisite to produce this 
effect such as that tvhich opens and shuts the communi- 
cation betweqgi the boiler and the cylinder; that which 
injects celd water into the cylinder; those which serVetO 
evacuate the air and water formed in the inside of the cy* 
lindef ; tf^regulator necessary to prevent the steam, 
it 'bedilmes too strong, from bursting the 
For farther details therefore we must refer the reader to 
those authors who have purpoii^y treated of jthiamaohij^e; 
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in his ArchUecture. II ; 

BeingoHerti in his Cours de Physique Experhnemtak^ toL 
|if lVI, Prony» in his Nouvelle ArchitectUH ^^fdrauH^t 
am) several others. ^ 

, machine here described is very different from that 

ihentibned by Muschenbroek, in his Cours de Physique 
E’Xptrvmentalt. In the latter, the steam acts by its com* 
pression on a cylinder of water, which it causes to ascend. 
This requires steam highly elastic, and very much heated; 
buth in this ease there is great danger of the machine 
bursting. In the new machine, that above described, it is 
sufHcient if the steam has the elasticity of the air >: this it 
will acquire if the water boils only briskly; and therefore 
th^ danger of the machine bursting is not nearly so great: 
it is not even said that this accident ever happened to any 
of the large Steam-Engines, which have been long esta- 
blished. 

The largest Steam Engine with which 1 am acquainted, ' 
is that of Montrelais, near Ingrande, which is employed 
in, freeing the coal mines from water. The cylinder is 
inches in diameter*. It raises per hour, to the height of 
652 feet, by eight different stages, 1145 cubic feet of 
water, or 10800 gallons; and as it is estimated, after de- 
ducting the time lost by putting it in motion, during acci- 
dental repairs, which are necessary from time to time, &c, 
that it works 22 hours in the 24, its dailv effect is tp raise, 
to the above height, and evacuate, 237600 gallons of water. 
|n the same time it consumes about 266 cubic feet of coals. 
The other expences attending it must also be considerable. 

In the same place is another machine w|iich, in some 
respects, appears to be constructed on a better principle. 
Though the cylinder is only 34 inches in diameter, it 
raises, in 22 hours, to the same height, and at one jet, 
22QP0 cubic feet; or about 165000 gallons, which is above 

< * In lOilit Steain Engines in Engisnd the cylinder is 63^and even *19 
iailns in diameter, and tbsir poweadf *9^1 ^ ^at of !25o horses. 
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two^fefiiids of febe quantity raised by the'forinev^\ayMIo»^ 
moritig poweri ^vhich is in the ratio of the squafi^s of 
diameters of the pistons, is only about | of that ^ tbe 
obber. » , ^ 

An attempt was made, some years ago, to employee 
steam engine to move carriages, and an experiment on 
this subject was tried at the arsenal of Paris. The carriage 
indeed moved, but in our opinion this idea must be con<«' 
sidered> rather as ingenious, than susceptible of being put 
in practice. It would not be very agreeable to travellers 
to hear, behind them, the noise of a machine capable, if it 
should burst, of blowing them to atoms; and we much 
doubt -whether this invention would meet with encourage^ 
inent. A boat also which, it is said, could be made .to 
move against the current by means of a Steam Engine, 

' was seen for tt long time in the middle of the Seine, oppo-^ 
site to Passy. Nothing less was hoped from this invention, 
tlian to be able to convey a boat, laden with merchandise, 
in two or three days, from Kouen to Paris ; but scarcely 
was the machine in motion when the Mdieels, the fle^t- 
boards of which were to serve as oars, were broke in 
pieces by the eflFect of the too violent and sudden im- 
pression they received. Such was the result of this at- 
tempt, the failure of which had been predicted by the 
greater part of those mechanicians, who had seen the 
pcepatatioiis*. 

. Bemahk. — As Montucla has given but a short and im« 
perfect account of that truly noble English invention, we 
have subjoined the following brief history of it. The 
Steam Engine was invented by the marquis of Worcester, 
in the year 1655. And an account of it was printed in a 
little bo^, intitlcd, A Century of the Names and Scaut- 

■fj . - 

• Tli^ learn ed and ingenious Karl Stanhope, howevei, hat lately sue- 
ceedll^ in l^laftructiDg a 'Qgeful bailing vessel, wbinh is impend by the 
force of sUnin> 
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Uagft^ juoh IxivtefitioDs as at pFeseot I caa ealljiq^tnhidy 
4c, ia tire year 1^63* ^ ‘ ^ v 

.Win tb&68th article of that work, the nssrquis deseribes 
the invention in the following words — “An admirable 
most forcible way to drive up water by fire* Not 
by drawing or sucking it upwards, for that must be, as 
*S,the Philosopher calleth it, Intra Spheeram Actmtatis, 
which is but at such a distance ; but this way hath no 
bounds, if the vessel be strong enough ; for 1 liave taken 
a piece of a whole cannon, whereot the end was burst, 
^ and tilled it three quarters full of water, stopping and 
** securing up the broken end, as also the touch hole, and 
making a constant tire under it, within 24 hotifs if burst 
“ and made a great crack ; so that liaving a way to make 
“ my vessels, so that they arc strengthened by the force 
“ within them, and the one to fill after the Other. I have 
** seen the water run like a constant fountain stream 40 
“ feet high; one vessel of water rarefied by fire drivetb 
up 40 of cold water. And a man that tends the work 
** is bnt to turn two cocks, that one vessel of.. water being 
“ consumed, another begins to foice and refill with cold 
** water, and so successive!}'^, the lire being tended and 
“ kept constant, which tlie selfsame person may likewise 
abundantly perlurm in the interim between the necessity 
“ of turning the said cocks.” 

But though the above description is a distinct and' in» 
telligible one, of the manner of applying steam for raising 
of water, and thouglmt appears that Sir Samuel Morland, 
in the year 1682, wrote a treatise on the Steam Engine, 
yet no person, that 1 have heard of, attempted to erect a 
machine on these principles until the year 1699; when 
Captain Savary produced, the 14th ol June in that year, 
a model which was worked before tiie Royal Society, at 
riieir weekly meeting at Gresham College. He after- 
wards published an account of thiy machine in /the year, 
1702, in a work intitled The Miner’s Friend. 
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..In«^?ary*s machloe, the ‘steam is used ibY‘EUilHi% lit 
T^uum in a vessel placed near to the water to be 
and communicating with it by a pipe, which has a, cock' 
yaive adapted to it. This valve or cock being .opened 
trhen there is a vacuum in the vessel, the atbiOspNblB^' 
presses the water into the vessel ; and when this is diled, 
the valve or cock is shut ; and steam being let into it, this 
piresses on the surface of the water, and forces it upwards, 
through a pipe adapted to the vessel for this purpose. 

The disadvantages attendiiig-this method of construe* 
,tion were so great, that Captain Savarv never succeeded 
jurtbfi||i*, than in making some engines for the suppty of 
gentl^eii^ scats; hut lie did not succeed for minea, or 
the supplying of towns with water. Tuis discouragement 
stopped the progress and improvement of the Steam 
Engine, till Mr Newcomen, an Ironmonger, and John 
Ceudley, a Glazier at Dartmouth, ahout the year 1712, 
invented what is called the Lever or Newcomen engine. 
In this machine, the steam is made to act in a cylinder 
distinct from the pumps, and is used-mcrclv for the purpose 
of making and unmaking a yacuitm, in this manner, 
namely, there is a piston in the cylinder, fitted so nicely 
to it, that it can slide easily up and dow'ii without the ad- 
mission of any air, or other fluid, to pass between its edge 
and the cylinder. The steam i> admitted below the piston^ 
which, being of a strength equal to the atmosphere, brings 
it into a state of equilibrium, when the weight of tbe 
pump rods and volumes of water, at tbe other end of the 
lever or balance, raises it up, when the piston has got to 
the top of the cylinder, a jet of cold w'atcr is thrown 
among the steam, which condenses it, and forms a partial- 
vacuum. Tbe atmospiiere then acting on the upper side . 
of th^ piston, forces it down, and ri^jses tbe column' of- 
at tbe other end of the beam. ^ 
improvement oh this principle took place fot ahove 
a icentury, except in ^ construction of vajfhfty ef 
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t^e ptnrpase of Opening an^^tun^'tbe 
diSMot^Oockfi and valves, necessary to admit the itea^ 
ioto^thipylkider, the water to condense it, to carry off tlie' 
Gsbloideiised steam, to make the piston' more air tight, and"" 
in.^j^iieml to improve the various working parts of the 
eiigthe. - 

‘Machines of this kind have been constructed in a variety 
of places ; particular!}’ in Great Britain, for the purpo^ 
of raising W’ater from mines or for supplying towns," and 
for raising water to turn wheels. One of the largest of 
tbi&kind is that which was constructed by the late ingeH^a^) 
dtis Mr. Smeaton, for raising water to turn the of 

the Blast Furnaces at Carron — the cylinder of fcllls^gino 
is 72 inches diameter, and I believe it is reckon^^^be most 
perfect engine that has been constructed on Newcortien*s 
prindple. — But though Mr. Smeaton spent much time in 
the improvements of these engines, and succeeded to a 
very considerable extent, yet the manner of employing 
the steam in a cylinder where cold water^^is to be ad- 
mitted, for the purpose of condensing it attach strokii^/ 
and the piston and cylinder being exposed to the atmo- 
sphere, render it so imperfect, that alinve one half of the 
power of the steam is lost by this construction. And 
therefore, even with Mr. Smeaton's ingenious improve- 
ments,' the Steam Engine at th^it time was hut a very im- 
perfect machine, and by no means applicable to such a 
variety of purposes as it is no\v in its improved state. 

The ingenious Mr. James Watt of Glasgow, perceiving 
the great loss of steam which was sustained in it^ Use, in 
Newcomen’s engine, about 1768, made a variety of ex- 
perhnents on this subject, and in 1770 obtained a patent 
foraiiew mode of applying it; in which the cylinder Was 
made' close both at '^pttom and tup, and the rod which 
connected the pistol with the lever^ was made to work 
through 6t collar of hemp and tallow, so as to be perfectly 
ahr t^t,' MTbe atmosphere being thus excluded fr^ the 
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both the vacuum is made by the steai^^ 
is mov^cl,ji>y it. Also th^ st^am is not.^po^^os^ 
by throwing cold water into the cylinder, but 
out by an air pump, and condensed in a separate ypjsel ; 
and,' in order to keep the cy Under as hot as possibip'^t 
surrounded with steam, and covered with non-cpudpctipg 
substances. By this construction, the engine has Uepn 
xnade to perforin at least double the effect, with the sapip 
quantity of fuel, as the best engines on Newcomen’s cou- 
struction. Mr. Watt obtainedi^n extension of his patent 
iright in the year 1775, by an^ct of parliament, for jil^5 
years/and was joined by the ingenious Mr. Bolton of $ohp, 
near .BirUiinglium ; since which, the same principle haa 
still been followed ; but the working parts have undergone 
various modifications, by the joint abilities of these able 
mechanicians. The principle which was applied jto the 
working of the piston, only one way, that is, by pushing 
it downwards, as the atmosphere did in Newcomen’s 
engine, has also been applied to the forcing it up; by' 
which means, engines, where cylinders are of a given 
diameter, are now made to peifpriii double the effect. 
This has not only saved great cxpence in the original con- 
struction of the engines, but has enabled them to be ap* 
plied in cases where immense power has been wanted, and 
which could not liave been performed at all by them on 
Newcomen’s construction. By the same mode of apply- 
ing the steam, it can now not only be used of the strength 
of the atmosphere, but as much stronger as necessity or 
convenience may reqiiir..; which is a still farther con- 
solidation of the power. The celerity also with which the 
condensation of the steam, and the discharging of the con- 
densed^teain and water, are performed, enables them to 
work picker, and so to be appliedNto oil kind$ of mill 
work, which are used in the numdf;^s manufaetdlrijea of 
thitf country. Corn is ground by themj cotton spun, silk 
Pisted^ the immense machinery used in the pew ^nn- 
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fECt^i<£{r forked, abd including eveiy kind 6jrihilt 
w6ii%"t'd*^>vhlbh water dan be applied*;'* TThey are' also' nsl^ 
iii'iHe vitious branches of the civil engineer. Thus thd 
Wa^ ' is taken from the foundations of Locks, Bndg6S| 
DdSksl^i^c. The piles are driven for tlie foundations, as 
thie mortar manufactured for the building of the walls ; 
earth taken from their canals ; and docks and works have 
been of late perfonn|d by their means, which coujd'iiot 
have been executed without them. 

They are also made so j^rtable for some purposes, that 
they are even constructed on boats and carriages, to 
be moved from one place to another; while in others they 
are made on a large and magnihcent scale. Messrs. Bolton 
and Watt have made them from the power of one, to that 
of 550 horses : and by their late coinrivanccs in the exe- 
cution of their different parts, they are so manageable, 
that even a lad may attend and direct their operations ; 
and so regular in their motions, that water itself cannot 
be niote so. ^ ^ 

The quantity of fufe},Hyhich they consume is compara- 
tively small, to the effect they produce. — One bushel of 
thebest Newcastle, coal applied to the working of an engine 
for pumping, will raise about ‘JO million of pounds one 

foot high. But in these engines, when the steam acts 

on the piston, botli in its ascent and descent, the saipe 
quantity of fuel will not produce quite so great an efieef, 
as there is not so mucli time for perforraiug the con- 
densation, on which account the vacuum is not so com- 
plete. 

For a more full account of Steam Engines^ seC Dr. 
Hutton's Dictionary. 

^ ^ Or BALLOONS, TELEGRAPHS, S(c. 

Tt^ fatter part^^ the last century, among man}’’ in^ 
genious 'mechanical inventions, has produced the two,i(^ 
markkble^lies i^lating to air balloons, and to telegraphs. 
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^t)er means of distant, quick pr secret irite1ii||eOce ; 
discerning which a lirief account may. here t>p '’Bdliec) : 
and first of Aerostation and Air Balloons. ‘ ' ' 

The fundamental principles of aerostation have 
long and generally known, as well as speculations oirBie 
theory of it ; but the succsessful application of them to 
practice seems to be altogether a modern discovery. 
These principles chiefly respect the pressure and elasticity 
of the air, with its specific gravuy, and that of the other 
bodies to he floated in it. No^any body that is specifi<* 
cally, or bulk for bulk, lighter than the atmosphere, ii^ 
buoyed up by it, and ascends io such height where the air, 
by always diminisliing in its density upward, becomes of 
the same specific gravity as the rising body; here thi^ 
body will float, and move along with the wind Qf current 
of air, like clouds at that height. This body then is an 
aerostatic machine, whatever its form or nature may be ; 
such as an air-balloon, the whole mass^of wliich, including 
its Covering and contents, witli the weights annexed to it, 
is of less weight than the sdm^;|]^lk of air in which it 
rises. ^ \ ’ 

We know of no solid bodies however that are light 
enough thus to ascend and float in the atmosphere; qpd 
therefore recourse must be had to some fluid or aeriform 
substance. Among these, that which is called inflammable 
air'is the most proper for that purpose,; it is very plastic, 
and is 6, 8, or 10 tunes lighter than common air. So that, 
if, a sufficient quantity of That kind of air be inclosed in 


any thin bag or covering, the weight of the two together 
will be lesSj^han the weight of the same bulk of common air : 
consequently this conipount' mass will rise in the atmo- 
sphere, till it attain the height at which the atoiblphere is 
of th^ saoic specific gravity as itself |^JpScre ii will ij^maiir 
or float with the current of air, asl^^g as the inf^mma^le 
g^.does not too much escape through the pores ofjits co» 
vering/"' And this is an iuilaaunable-air bal|po|^f» 
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Anotjlier wa^ 19, to qaake use ofjpomiBon air 
lightejl^,^ hejti^^ it, Instead . the in^amiuab]^ ^ 
HeaVrarefie^ and expands common air, and consequently 
specific gfavity. 8o that, if the air, iudbsed in 
arpjkmd of a bag or covering, be heated, and thus dilated, 
tq'such a degree, that the excess of the weight of an eqtud 
volume of comiiioii air, above tlie weight of the heated 
air, be greater tlian the weight of the covering and its 
appendages, the whole compound mass will ascend in the 
atmosphere, till it arrive height where the atmosphere 
has the same specific gra^y with it ; wliere it will remain 
till, by the cooling and condensation of the included air, 
the balloon shall gradually contract, and descend again, 
unless the heat be renewed or kept up. And this is a 
heated-air or a fire balloon, which is also called a Mont- 
golfier, after the name of its inventor. 

Various schemes for rising up in the air, and passing 
through it, have been devised and attempted, both by the 
ancieitts and tlie moderns, on dilferent principles, and with 
various success. Oi’ the&e attempts, some have been on 
mechanical principfesV^^^by the powers of mechanism; 
and such, it is conceived, w^ere the instances related of the 
flying pigeon made by Archytas, also the flying eagle, 
and the fly by Kcgioinontanus, with many others, both 
among the ancients and moderns. 

Other projects have been vainly formed, by attaching, 
wings to some part of the human body, to be moved either 
by the hands or the feet, by mean of ineclianical powers ; 
so that striking the air with them, alter the manner of the 
wings in a bird, the person might raise himself in the air, 
and transport himself through it, in imitation of that ani- 
mal. But^these attempts belong rather to that species or 
principle pr motiq^ called artificial flying, than to the 
8u)]ge^^ ql. aerostafra^/ which is properly the sailing or 
floating in the air by nieaps of a machine rendered speqj^ 
fically that elemeni, in imitation of aqueous 
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oavigati6n, or tbe sailing on the water in a ship, or ves- 
sel, which is specifically lighter than this element. 

The first rational account to be found on record, ^ 
this kind of sailing, is perhaps that of our countryj^h 
Roger Bacon, who died in the year 1292. He not my 
affirms that the art is feasible, but assures us that he him* 
self knew how to make a machine, in which a man sitting 
might be able to convey himself through the air like a 
bird : and he farther affirms that there was another person 
who had tried it with success. X^The secret it seems con- 
sisted in a couple of large thin shells, or hollow globes, of 
copper, exhausted of air ; so that the whole being thus 
rendered lighter than air, they would support a chair, in 
which a person might sit. 

Bishop Wilkins too, who died in 1672, in several of bis 
works, makes mention of similar ideas being entertained 
by divers persons. ** It is a pretty notion to this purpose, 
says he, (in his Discovery of a New World), mentioned by 
Albertus de Saxonia, and out of him by Francis Mendoza, 
that the. air is in some part of;^it«'n|vigablc. And that 
upon this static principle, any bH^ or iron vessel, sup- 
pose a kettle, whose substance is much heavier than that 
of the water ; yet being filled witli the lighter air, it will 
swim upon it, and not sink.” And again, in his Dedalles, 
he says, “ Scaliger conceives the framing of such volant 
automata to be very easy. Those ancient motions we 
thought to be contrived by the force of some included air. 
As if there had been som«^ lamp or other fire within it ; 
which might produce such a forcible rarefaction, as should 
give a mojjion to the whole frame.” Hence it would seem , 
that bishop Wilkins had some confused notion of suoh a 
thing as a heated-air balloon. 

Again, father Francisco Lana, in hi^rodroma, printed 
in 1670, proposes the same method^fwith that of Roger 
^(|C 0 Q, as his own thought. Hq considers that a hollow 
vessel, exhausted of air, would weigh less than when filled 
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with that fluid. He also reasoned that, as the capaeitj of 
spherical vessels increases muck faster than their surface, 
former increasing as the cube of die diameter, but the 
mi^r only as the square of the same, it is therefore 

to make a spherical vessel of any given matter and 
thickness, and of such a size as, when emptied of air, it 
will be lighter than an equal bulk of that air, and conse- 
quently that it will ascend in the atmosphere. After 
stating these principles, father Lana computes that a 
round vessel' of plate-bra^, 14 feet in diameter, u'eighing 
3 ounces the square foot, will only weigh 1848 ounces; 
whereas a quantity o( air of the same hulk will weigh 2156 
ounces, allowing only one ounce to the cubic foot ; so 
that the globe will not onl}' ascend in the air, but will also 
carry up a weight of 308 ounces; and by increasing the 
bulk of the globe, without increasing the thickness of the 
metal, he adds, a vessel might be made to carry up a much 
greater weight. 

Such then were the speculations of ingenious men, and 
the gradual approa^i^, Awards thiA art. But ofie thing 
more w’as yet wantingvihough in some degree acquainted 
with the weight of any quantity of 'nr, considered as a 
detached substance, it seems they were not aivare of its 
great elasticity, and the universal pressure of the atmo- 
sphere; a pressure by which a globe, of the dimensions 
above described, and exhausted of air, ivould imnie^ 
diately be crushed inwaids, for want of the equivalent in- 
ternal counter in essure, to be sought for in some element, 
much lighter than common air, and yet nearly of equal • 
dpressufo or elasticity w ith it ; a property and cirjBumstance 
attending inflammable gas, and also common air when 
considerably healed. 

* It IB evident tlie^jiat the schemes of ingenious men 
hkhdrtb must have gOTO no farther than mere speculation j 
otherwise they could never have recorded fancies whick, 
on' the fl'Vst attempt to be put in practice, must have tnft- 

VOL. II. I 
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nifested their own insufficiency, by an immediate failure 
of success. For, instead of exhausting the vessel of air, it 
must be filled either with common air heated, or w^h 
some other equally elastic but lighter air. So that on 
whole it appears, that the art of traversing the atmosph'^^ 
is an invention of our own time; and the whole history of 
it IS coinprehciided within a very short period. 

The rarefaction and expansion of air by heat is a pro- 
perty ot It that has been long known, not only to philoso- 
phers, but even to the vulgar. 15y this means it is, that 
the smoke is eontinually earned up our chimneys: and 
the otiect of heat upon air, is made very sensible by bring- 
ing a bladder, only jiartially filled with air, near a fire ; 
when the air presently expands with the heat, and distends 
the bladder so as almost to burst it. Indeed, so well are 
the common people acquainted with this efiect, that it is 
the constant practice of tliose who kick about blown blad- 
ders, for foot balls, to bring them from time to time to 
the fire, to restore the spring of the air, and the distension 
of the bijjll, lost by the coiitnmal'pdolipg and waste of that 
fluid. ' i,' 

But the great levity, or rather small weight, of iiiBam- 
mublc gas, is a veiy modern discover v, namely within the 
last 40 or 50 years ; a discovery cliieil y owing to our owni 
countrymen, Mr. Ckiveiidish and Dr. Black, the latter of 
whom frcijuently mentioned also the feasibility of inclos- 
ing it 111 a very thin bag, so as that it might ascend into 
the atmosphere ; an idea which was first put in practice, 
on a very small scale, by ]Slr. Cavullo, another ingenious 
pbilosoplj^r. 

Jt was however two brothers, of the name of Montgol- 
fier, near the city of Lyons in France, who, in the year 
178?, first exhibited to the world ,wl^t may properly be 
celled air-balloons, of large dimensidtis, being silken bags 

many feet in diameter. These were on the principle of 
common air heated, by passing through a fire, made near 
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the orifice or bottom of the balloon. This heated air and 
the smoke thus ascended straight up into the bag, and 
fi^dually distended it, till it became quite full, and so 
mqch lighter than the atmosphere that the balloon rapidly 
a^nded, and carried up other weights with it, to very 
great heights. After attaining its utmost height however, 
partly by the cooling of the included air, and partly by its 
escape throiigfi the pores of the covering, the balloon gra- 
dually descends very slowly, ami eoincs at length to the 
ground, after being sometimes cai nod to great diataiices 
by the wind, or currents of air in the atmosphere. 

Other balloons were also soon made by the philosophers 
in France, and after tlicm in other countries; namely, by 
filling the balloon case with inflammable g.is , a more 
troublesome and expensive process, but of much better 
effect ; because, luiMrig only to guard against the w^aste of 
the fluid through the pores, but not its cooling, these bal- 
loons continue much longer in the air, sometimes for the 
space of many hours, ^jiiabling the passengers to pass over 
large tracts of courftlC^.";. On one of tln‘se occasions, Mr. 
Blanchard, a noted Operator, wirli .i favourable wind, 
passed over from Dover to Calais, aceompanicd by another 
gentleman. 

IMany other persons exhibited balloons, of large dimen- 
sions, particularly m France and other parts ot the conti- 
nent, viith various success. The j)ei ’»le of that country 
have also successfully applied balloon^ ro the examination 
of the state of the higher regions of the atmosphere ; and 
also in their armies, to discover the dispositions and ope- 
rations of ail enemy’s position and camp. In England 
they have been less attended to, pi-J'aps owing at first to 
an unfo.'tmiatc prejudice, and an idea thrown out, that 
they could not be turned to any useful purpose in life. — 
A represeiuation of several different balloons is exhibited 
in plate 14. 

1 2 
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TELEGRAPHS. 

A Telegraph is a machine lately brought into use by 
the French nation, namely in the year 1793; being 
trived to communicate words or signals, from one personro' 
another, at a great distance, and in a very short time. 

The object proposed is, to obtain an intelligible figura- 
tive language, to be distinguished at a distance, to avoid 
the obvious delay m the dispatch of orders or inforuiation 
by messengers. 

On first reflection, we find the practical modes of such 
distant coinmunication mu-.t lie coniined to sound and vi- 
sion, but chiefly the latter. FAgh of these is in a great 
degree affeete»l by the state of the atmosphere: as, inde- 
pcMdenl of the wind’s direction, the air is sometimes so far 
deprived of its elasticity, or wh.itovt'r other quality the 
conveyance of sound depends on, that the heaviest ord- 
nance is scarcely heard farther than the sliot flies; and, 
on the other Jiaiul, in thick hazy weather, the largest ob- 
jects become quite obscured at a abort distance. No in- 
strument therefore, designed ’for the purpose, can be 
perfect. We can only endeavour, to overcome these de- 
fects as much as may be. 

Sonic kind ol distant signals must have been employed 
from the earliest anti(]uity. It seems the Romans had a 
racUiod in tbeir walled cities, eillier by a hollow formed 
in the masonry, or by tubes affixed to it, so to coniine and 
augment sound, as to convey information to any part 
they wished ; and in lol’y housc.4 it is now' sometimes the 
custom to have a pipe, l*v w'ay of speaking trumpet, to 
give orders from the upper apartments to the loi^rer: by 
this mode of confuiiiig semd, its efl'cet may be carried to 
a very gicat distance ; but beyond a certain extent the 
sound, losing articulation, would convey alarm, and 
riot give directions. , 

Every city among the ancients had its watch towers ; 
and the castra stativa of the Romans had always some 
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Spot, elevated either art or nature, from which signals 
given to the troops, cantoned or foraging in the 
ighbourliood. But llicy had probably not arrived at 
eater refinement than that, ort seeing a certain signal, 
they were immediately to repair to their appointed sta 
tions. 

A beacon, or bonfire made of the first inflanimahle ma- 
terials that offered, as the most obvious, is perhaps the 
most ancient iikkIc of gcneial alarm, and by being jire- 
vionsl^^ concerted, the number or ])oint where the fires 
appeared might have its particular intelligoncc affixed. 
The same observations may he referred to the throwing 
up of lockets, whose niiniber or the point fiom whence 
thrown ma\’ have its affixed signification. 

Flags or ensigns, with then vaiioiis devices, are of ear- 
liest invention, especially at sea; where, from the first 
idea, which was probaldy that of a vane to show the direc- 
tion of the wind, tfioy have been long adojited as the 
distinguishing maik , nations, and au^ now so neatly 
comlnncd by the inj^xiwity of a girat naval eommaiider, 
that by his s3-stem every leqnisitc outer and (juestion is 
received and answered In tlie most distant ships id’ a fleet. 

To the adopting this, or a similai mode, in land service, 
tliO following aie objections: that m the latter case, the 
variety of imatter necessary to he convitved is so exceed- 
ingly great, that the combinations vonld become too 
complicated. And if the person for vi honi the mformation 
is intended should be in the direction of the wind, tlie flag 
woul^then present a straight line only, and at a little di- 
stance he invisible. The Romans were so well aware of 
this inconvenience of flags, that in.iov of tlieir standards 
were si !id ; and thejiame inanipiilus denotes the rudest of 
their modes, whieligfltr^s a truss of bay fixed on a pole. 

The piineiplo of water always keeping its own level has 
been suggested, as a possible mode of conveying intelli- 
gence, by an ingenious gentleman, and put in practice on 
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a small scale with a very plcasin^jcffcct. As for example^ 
suppose a leaden pipe to reach bc|)\'cen two distant plac^^ 
and to liavc a perpendicular tube connected to eae-h 
treinity. 'rhen, if the pipe be constantly filled wi^ 
W'atcr to a certain lieiolit, it will always rise to its level 
on the opposite end ; and if but one inch of water be 
added at one extremity, it v*'ill almost instantly produce a 
similar elevation in the tube at the other end : so that by 
corresponding letters being adapted to the vertical tubes, 
at ddferent he ights, intelligence may be quickly conveyed. 
But this method is liable to such ohjeetion^, th.it it is not 
likely it can ever he adopted to lacilitate the object of very 
distant communication. 

Full as many, if not greater objections, will perhaps 
operate ag<nnst every mode of electricity being used as 
the vehicle of information. — And the rccjuisite magnitude 
of painted or illiiiniiiatec! li tters, oilers an insmmoiintable 
obstacle ; besides in them oni' oliject would be lost, that 
of the language heiiig liguiativc,.. 

Another ule.i is peilectly iniitierical, which is, to raise 
and diqircss a flag or curtain a eeriain number of limes for 
each letter, accoulmg to a previously conceited system : 
as, suppose one elcv.ilion to mean a, two to mean n, and 
so on through the alpluibct. But in this ease, the least 
inacemaev lu giving or noting the number, cliaiiges the 
letters ; and besides, the la&t letters of the alphabet would 
be a leilious o])erali()n. 

Anoth<;r method that ha been proposed, is an ingenious 
combination of the iiiagiieMi .il experiment of Coinus^ and 
the telescopic iiiici omeier. But .is tins is only an imper- 
fect idea of Mr. G.n net’s cry ingenious machine, de- 
scribed below, no firtlicr noriec need he. taken of it here, 

Mr. Garnet’s contrivance is nierely;|i(>ai or plank, turn- 
ing on a centre like the arm of a wiiidmiii ; which ocing 
moved into any position, an observer or correspondent at 
a distance turns the tube of a telescope round its axis, into 
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tlie saftie position, by bringing a fixed wire within it to 
cpincidc with, or become paralJcl to, tlic bar, which is a 
'Jhing extremely easy to do. The centre of motion of the 
bar has a small circle fixed on it, with h'tters and figures 
around the circumference, and a moveable index turning 
together with the bar, pointing to any letter or mark the 
operator may wish to set the bar to, or to commiinicato to 
the ob:servcr. The eye end of the telescope has a like index 
and circle fixed on the outside of it with tlic coi responding 
letters or other marks. The consequence is obvious; the 
telescope being turned round its axis, till its wire cover, 
or become parallel to the bar, the index of the former ne- 
cessarily points out the ‘^aine letter or mark on its circle as 
that of the latter, and the comnuinieation of sentiment is 
immediate and perli ct. The use of this machine is so easy, 
that w e lu\e n it pul into the hand> of iw’o eoiinnon la- 
bouring men, who liad iu‘ver seen it before, when they 
have iminoduilely lield a quick and distant conversation 
together. 

Fig. J ))l. Id leprcscnts the pruKMjial jiarts of this tele- 
scope ; A II Oh I'l the telcgia[)h oi b.n , ba\ mg on the centre 
of givivhy c, about wliicii it lim..^, a fixed pm, going 
through a hole or socket m the t'l'in iijiiight ])ost o, and 
on the opjmsite side is fixed an index ci. Ooneonliic to 
V on tiie s.inie post, is fixed a hiass eirele, of (> nv H melics 
dianatiM', ilivided into 4-{i equal p«o^, 24 of wdneh repre- 
sent tlic letti'i's of the alphabet, and m ibe other 24, be- 
tween the lcttel•^, aie numbers. So that the index, by 
meal)!* ot the arm a«, may be set or moved to any letter 
of Iftimber. 'Fhe length of the arm or bar should be 2}- 
or S {e(*t for every mile of distaiir- . I'uo revolving lamps 
of dirdrent coloms, siis[)ended occa-'ionaliy at a and b, the 
ends ol ihe arm, would serve equ.tlly at night. 

Let ss (fig. 2 1.5) represent a transverse section of 

the outward tube of a telescope, and aw the like section of 
the sliding or adjusting tube, on which is li.xcd an index ii. 
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On the part of the outward tube next to the observer, is 
fixed a circle of letters and numbers, similarly divided and 
situated as the former circle in tisrf i ; so that the index 
by mcan^ of the sliding or adjusting tube, may be turniQ^ 
to any letter or number. Now there being a hair, or fine 
silver wire, j fixed in the focus of the eye-glass; when 
the arm ab of the telegraph is viewed at a distance through 
the telescope, the hair may be turned, by means of the 
sliding tube, to the same position as tlie arm a is ; then the 
index ii (fig. 2) will point to the same letter or number on 
its own circle, as the index i (fig. 1) points to on the tele- 
graphic circle. 

If, instead of using the letters and niimbcts to form words 
at length', they be used as signals, three motions of the arm 
will give a hundred thoinand dilferent signals. 

Blit a telegra[)h, combined with a telescope, it seems 
was oiiginally the invention of M. Amnntons, an ingenious . 
French philosopher, about the middle ol the l7th century ; 
when he pointed out a method to aciiuaint people at a great 
distance, and in a very little lime, with whatever u e please. 
This method was as follows: Let persons he placed in se- 
veral stations, at sucli distances from each other, that, by 
the help of a telescope, a man in one station may sec a 
signal made by the next before him ; this person immedi- 
ately repeats the signal to the third man ; and this again 
to a fourth, and so on through all the stations, to the last. 

This, with considerable, improvements, it seems has 
lately been brought into ii e, by the Ireiich, and called a 
Telegraph. It is said they h ive availed themselves of thjs 
contrivance to good jiurposr, iii the late war; wliich^*'^bas 
induced the Englisli also to I'mploy a like instrument, in a 
different form. 

The new invented telegraphic langju^jj of signals, says 
a French author, is an artful contf^tffcL to transmit 
thoughts, in a peculiar wuy, from one distance to another, 
by means of machines, which arc placed at different dis- 
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taiices, of from 12 to 15 miles each, so tliat the expression 
reaches a very distant pfacc in the space of a few minutes. 
* 1^0 only thing which c^n interrupt tlieir eifects is, if the 
\|^ather be so bad and turbid, that the objects and signals 
cannot be distinguished. By this invention, remoteness 
and distance almost disappear ; and ail the communications 
of correspondence are effected with the rapidity of the 
twinkling of an eye. The greatest advantage which can 
be derived from this correspondence, is that, if wc choose, 
its object sliall be known to certain individuals only, 
or to one individual alone, or to the extremities of any 
distance. 

Fig. 3 pi. 15 represents the form of the French Telc- 
gra})ii. Ayv Is a beam or mast of wood, placed upright on 
a rising ground, and is 13 or 16 feet high, bii is a beam 
or balance, moving on tlie centre a a. This balance beam 
may be placed veitically, or liorizontally, or any how in- 
clined, by means of strong cords, vliich arc fixed to the 
wheel D, on tlie edge of which is a double groove to re- 
ceive tlic two cords. This balance is 11 or 12 feet long, 
and 9 inches broad, having at the end two bais cc, which 
likewise turn on the angles by ineain. of lour otiicr cords 
passing tlirongh the axis of the iiiain balance. Tint pieces 
c are each about three feet long, and may be turned and 
placed either to the light or left, str.iiglit or* square with 
the balance beam. By means of thev three, the combina- 
tion ot nioveiiieiits is said to be very eslensivc, rcmaikably 
simple, and easy to perform. Below is a small* wooden 
hutj iii^which a person is employed to attend the move- 
meftiSt'Vif the inaehinc. In the nioimt,iin nearest to this, 
another person is to repeat these pioveinciits, and a third 
to writ ' them down. ‘The signs are soinelimes made in 
words, and sonieti^S in letters ; when in words, a small 
flag IS h('isted as alphabet may he ch.inged at 

pleasure, it i’ only the corresponding ])erson who knows 
the meaning of the signs. The alphabet, as well as the 
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numbers to 10, are exhibited in the middle of fig. 3, an- 
nexed to the differebt forms and, positions into which the 
bars of the machine may be put. 

Many improveolents and additional contrivances hal^ 
been since made in England. The following one is by tlie 
Rev. J. Gamble. The principle of it is simply that of a 
Venetian window-blind, or rather what arc c.illed the lever 
boards of a brew'housc, which when horizontal, present so 
small a suiface to the distant observer, as to be lost to his 
view, but are capable of being in an instant changed into 
a screen of a magnitude adapted to the required distance 
of viiion. AEiiDFC (fig. 4 pi. 15) is a firm upright frame, 
supporting 9 lever boards, working on centres in be and 
Dr, and opening in tlirce divisions by iron rods. And 
a b c d, e fg h are two lesser frames, fixed to the great one, 
having also three lever boards in each, and moving by iron 
rods, in the same maimer as the others. If all these rods 
be brought so near the ground, as to be in the manage- 
ment of the operator, ho will then have 3 keys to play on. 
Now as each of the handles iklm n commands three' lever 
boards, by raising any one of them, and fixing it in its 
place hy a catcli or hook, it will give a different appear- 
ance in the machine ; and by the proper variation of these 
5 movements, there vdll be more than 25 of what may be 
called mutations, in each of which the machine exhibits a 
different appearance, and to whicli any letter or figure 
may be annexed at jilca^ure. 

Should it be required .o give intelligence in more than 
one direction, llie whole machine may be easily made to 
turn to different points, on a strong centre, after the man- 
ner of A single poat windenJl. — To use ibis machine by 
night, anoiber fiame iiiUbL be connected with the back part 
of the telegraph, for raising 5 lamps, jj^’^diffcrent colours, 
behind the openings of the lever boards , these lamps by 
mght answering for the openings by day. 

Fig. 5 pi. 15, represents a front view of the latest form 
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of the telegraph, now epiployed by the English govern- 
xnent, by which a signal' is conveyed between London And 

g al, being 72 miles, by repetition, in 3 minutes. The 
responding boards forming a scale fH* the alphabet, and 
for numbering, is annexefi in the engraving. 

We shall limit ourselves to what has been here said re- 
specting those machines, which have acquired the greatest 
celebrity ; but wc shall point out a few books, which those 
who are fond of machines, and who wish to instruct them- 
selves by example, may consult for that purpose. The 
first of these, which we shall mention, is the Thcatrum 
Meciianiciim of Leupold, in several volumes folio, the last 
of which appeared in 1725. Tins is a curious work, but 
the author's theor}' is not always well founded ; for he 
seems not to bo entirely convinced of the irnpossihilit;/ of 
the perpetual motion. The next is the Theatre des Ma- 
chines^ of James liessoii, m Italian and French. And to 
these we shall add, Bockler’s woik, in Latin; that of Ra- 
mclli in [t<ilian and French, which is rare, and in great re- 
quest. The Cabinet des Machines ol <lo Sm-vieres, 4to, 
Pans 1733, is one of the most curious woiks of this kind, 
on account ol the great iiumhor of .uacliines described in 
It, and which were invented by the author. Some ol Uiein 
are very ingenious, and the principles on wduch they are 
constructed deserved to have bciTi better explained ; hut, 
in geneial, thev are more curious ti.aM useful. 

dc'^criptiou ol the in -thod m which the Chevalier 
Carlo Fontana raised the famous oreusk, now heloiv St. 
Peter’s at Rome, is likewise a work uoithy of a place in 
the lihiarv of every person fond of ineehanii s. M. Lonot, 
who has a collection of machines, .he invention of which 
displav s great ingenuity, has jwomlsod to publish some 
day a descriptiogi of them. This, in our opinion, would 
he a cnri'M. ' .ind useful w'ork ; for tJie most of his machines 
hear the .■>tai;ip of gcnnis. Wc have seen one invented by 
him for driving piles, which acts by a motion always in 



124 


TELEGRAPHS. 


the same direction, witliout being obliged to stop or to 
retrograde, iji order fo raise up again the weight. Nothin^;, 
in our opinion, can be more ingenious than tlic methodic 
which, after the M of tlic weight or rammer, the hoolcj' 
that servcf. to raise it again, lays hold of it, and b}^ which 
the cable lengthens itscH in order to reach lower and lower 
in piojiortion as the pile sinks ileepcr. If this mode of 
construction he compared with those hitherto employed, 
no one can refuse to give it the prid'ercnce. 

Theic is .ilso the Collection, in G vols, 4to, of Machines 
and [nvciUions approved hy the lioyal Academy of Sci- 
ences, coniaimng the engravings and dcscnjitions of a 
great multitude of machines. In Knglisli too wo have 
Dcsagiilieis’s Course of Kxpenmental J^hilosophy, in 2^ 
vol's 4to. also Knicrsoii’s Mechanics, both containing the 
figures and descriptions of many curious and useful ma- 
chines. Ilesidcs some others, of less iK»te. 
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A TABLE , 

0/ the Specific Gravities of different bodies^ that of rain or 
' distilled water being supposf;^ \000, 

METALS. 

Gold. 

Spei’illc 

Grarity. 

Pure gold of 21* carats, melted but not liammcred 1 9258 

Tlie same hammered .... 19:562 

'Gold, of the Parisian standard, 22 carats fine, not 

hammered * .... 17486 

The same hammered .... 17589 

Gold of the standard of French coin, 21 5 i- carats 

fine, not hammered . . . 17102 

The same coineil .... 17647 

Gold of the Frciicli trinket sUindaul, 20 carats 


fine, not hammered .... 15709 

The same hammered .... ihllS 

Silier. 

Pure or virgin silver, 12 deniers Ime, not ham- 
mered ..... 1017 t 

Tlie same hammered .... losil 

Silver ol liie Ikwis standard, 11 denn rs lOgia^ns 

fine, not hammered . . . h)175 

The same luimniered .... 10.17T 

Sd\er, standard of the French com lOdeiners 21 

grams fme, not hammered . . . 10048 

The saiin* coined .... 10108 

Platinu. 

Crude piatina, in grams .... 15602 

Purihed };latina, not hammered . . . 19500 


This la tUe bsinc <sb btcrliiifr 


f This IS lOjiM. fiiiei tiiaii Jitfilifiv. 
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The same hammered 

• > * 

• 

20337 

The sunie drawn into wire 

• 

21042 

The same rolled 

. 

• 

22069 

Copper and Brass. 



Copper not hammered 



7788 

The same wiie-drawn 



8879 

liras*', not hammered 

• • ■ 

• 

8396 

The Same wire-drawn 

• • • 

• 

8544 

Coiniiion cast brass 

• • • 

• 

7824 

/ron and StecL 



Cast iron 

• • • 


7207 

Bar iron, either hardened or not 


7788 

Steel, neither tempered 

nor hardened 

# 

7833 

Steel hardened iindcr 

the hammer, but 

not 


tempered 

• • • 

, 

7840 

Steel tempered and hardened 

. 

7818 

Steel tempered and not hardened 

• 

7816 

Other Metals. 



Pure tin from Cornwall, 

melted and not hardened 

7291 

The same hardened 

. . • 


7299 

Malacca tin, not hardened 


7296 

Tiic Same hardened 



7307 

Molten leaA 



11352 

Molten zinc 



7191 

Molten bismuth 



9823 

Molten cobalt 



7812 

Molten aisenic 



5763 

Molten nikel 



7807 

Molten aornnony 



6702 

Crude antimony 



4064 

Glass of antimony 



4946 

Molybdena 



4739 

Tungsten 



606*7 
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Mercury 


, 

13568 

Uranium 

• 

• 

6440 

PRIiCIOLS STO.NKS. 

Wliite oriental diamond 



3521 

Rose coloured ditto 



3531 

Orient.il ruby 



428J 

Spinell ditto 



3760 

IBallas ditto 



361-6 

Brazilian ditto 



3531 

Oriental tojiazc 



401 1 

Saxon ditto 



3564 

Oriental sapplnre 



3.994 

Brabilian ditto 



3131 

Girasol 



4000 

Jargon of C>i*yUyii 



4116 

Hyacinth 



3637 

Vermilion 



42.30 

Bohemian garnet 



4189 

Syrian ditto 



4000 

Volcanic ditto with 24- sides 



2 l-()8 

Peruvian emerald 



2776 

Chrysolite of the Jewellers 



2782 

Brasilian ditto 



Oi9'J 

Bci vl or (Tieiital mpia-iiiaiinc . 
Occidental ditto 



3549 

2723 

SILICKOUS SIONI-.-' 

Pure rock crystal of Madagascar 



26.33 

Ditto of Kuropo 



2655 

Crystallized (juartz 



2655 

Onenfd agate . 



2590 

Agate 003 X . , . 



2638 

Transparent calccdony 



2664 

Carnehati 



2()14 

Sardonyx 



2603 
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Prasiuni 
Onyx pebble 
White Jiiclc 
Green ditto 
Red .fuspev 
Brown ditto 
Yellow ditto 
Violet ditto 
Grey ditto 
BKick piismatie hcxacdral schorl 
Black amorplioiib bcliorl, called aiiti(]ii(' 
Paving stone 
Grind-btone 
Cutler’s stone 
Mill -stone 
White flint 
Blackish ditto 


basal tes 


VARIOUS STONES, &e 

Opake gteen Italian serpentine 
Course Ib’ian^oii eli.ilk , 

Spanish chalk 
Muscovy talc 
Common schist or slate 
New slate 
White razor hone 
Black and White ditto 
Icelandic crystal 
Pyramidal calcareous spar , 

Oriental or white antitpic alabaster 
Green Campanian marble 
Red ditto 

White Casara marble 
White Parian marble . 

Ponderous spar 

White fluor . . . . 


2581 
2664 
2950 
2966 
2661 
2691 

2710 

2711 
2764 
3385 
2923 
2416 
2143 
2111 
2484 
2594 

2582 


2430 

2727 

2790 

2792 

2672 

2854 

2876 

3131 

2715 

2730 

2714 

2742 

2724 

2717 

2838 

4430 

3156 
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Red fluor ..... 3191 

Green ditto . . . . .3182 

Blue ditto . . . . .3169 

Violet ditto . . . . .• 3176 

Red porphyry ..... 2765 

Red Efryptian granite .... 2654* 

Pumice stone . . . . . 915 

Obsidian stone .... 234'8 

}3asaltes from the Giants causwuy . . 2864 

Toucii stone . . . . .2415 

Bottle glass ... 2733 

Green gi<Lss ..... 2642 

White glass ..... 2892 

Leith crystal . . . .8189 

Flint glass ..... 3829 

Seves porcelain . . . .2146 

China ditto ..... 2885 

Native sulpliur , , 2033 

Melted ditto .... 1991 

Phosphorus . . , , 1714 

Hard jicat ..... 1829 

Ambergris . . . . .926 

Vellosv iiaihspareiil amlier . . . 1078 

LlOl OKS. 

Dislilli d w ati i .... KXX) 

Rain water .... 1000 

.Sea water 1026 

Burgundy wine .... 992 

Malmscv Madeira .... 1038 

Cyder . . . . .1018 

Red beer , . , . 1034 

White ditto ..... 1023 


** Sea watei Mitliir III accoiiling to tfie climate. It is heavier in 

tile torrid zuiie, arid at a distance (roiu the coasts, than in the iiortbern seas, 
arid near land. 


VOL. 11. 


K 
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Highly recllfic'd alcohol 

• 

829 

Coiiimoi) spiiit of wine 

• 

83T 

Sulphuric ether 

0 

739 

Nitric ditto 


909 

Muriatic ditto 

• 

730 

Acetic ditto 

• 

866 

Highly concentrated sulpliuvic acid 

• 

2125 

Coiurnon sulplitiiic ucid 

• 

1841 

Highly concentrated nitric acid 

• 

1580 

Common nitiic ucid 

• 

1272 

Muriatic acid 

• 

1194 

Fluoric ditto 

• 

1500 

lied acetous ditto 

m 

1025 

White acetous ditto 


1014 

Distilled ditto ditto 

• 

1010 

Acetic ditto 

• 

1063 

Formic ditto 

• 

994 

Solution of caustic ainirionia, or volatile alkali iluor 

897 

Essential oil of turpentine 


870 

Liquid turpentine 


991 

Volatile oil ot lavender 


894 

Volatile oil of eloves 


1036 

Volatile oil ol cinnamon 


1044 

Oil of olives 


’915 

Oil of sweet almonds 


917 

Linseed oil ... 


940 

Whale oil ... . 


923 

Woman’s milk 


1020 

Cow’s milk 


1032 

Mare’s milk 


1035 

Ass milk. 


1036 

^Goat’s ndlk .... 


1034 

£wc milk .... 


1041 

KlisiNS AMD GUMS. 

VOommoii yellow resin 

• 

1073 
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Mastic ..... 1074 ‘ 

Storax . , . . .1110 

Opake copal .... 1140 

Madagascar ditto . . .■ . 1060 

Cliinese ditto .... 1063 

Elemi ..... 1018 

Labdanuni ..... 1186 

Dragon’s blood . . . 1205 

Gum lac ..... 1139 

Gutn clastic ..... 934 

Camphor ..... 9S9* 

Gumaminoniuc .... 1207 

Gamboge ..... 1222 

Myrrh ..... 1360 

Galbaniim ..... 1212 

AssafatuJa ..... 1328 

Gum arable ..... 1452 

Tragacantli . . . . . 1316 

Terra Japomca .... 13Q8 

Socotriiio aloes .... 1380 

Opium ..... 1337 

Indigo ..... 769 

Yellow wax ..... 963 

White ditto ..... 969 

Spernuu'cti ..... 943 

Beef lai ..... 923 

Veal fat ..... 934 

Mutton fat .... . 924 

Tallow ..... 942 

Hog’s fat 937 

Lard ..... 948 

Butter ..... 942 

WOODS. 

• 

Heart of Oak CO years old . . . 1170 

Cork ..... 240 

K 2 
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Elm plank . . . . . 67t 

Ash ditto ..... S4‘5 

Beech ..... 852 

Alder ... . ^ 800 

Walnut . . . . .671 

Wiiiow ..... 585 

Male fir ..... 550 

Female ditto ..... 498 

Poplar ..... 383 

White Spanish ditto .... 529 

Apple tree ..... 795 

Pear tree ..... 661 

Quince tree ..... 705 

Medlar ..... 944 

Plum tree ..... 785 

Cherry tree . . . . .715 

Filbert tree ..... 600 

French box . . . * .912 

Dutch ditto . . . . ^. 1328 

Dutch yew ..... 788 

Spanish ditto ..... 807 

Spanish cypress .... 644 

American cedar . . . .561 

Spanish Mulberry tree . . . 897 

Pomegranate tree .... 1354 

Lignum vitse .... 1333 

Orange tree . . . 705 

We may here observe, that the numbers in the 
above table, express nearly the absolute weight of an En- 
glish cubic foot, of each substance, in averdupois ounces, 

TABLE OF WEIGHTS, 

Both ancient and modern^ as compared uith the English Troy 
pounds which contains 12 ounces ^ or S'l'oO grains. 

As we gave, at the end of that part which relates to 
Geometry, a comparative table of the principal longitu- 
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dinal measures, we think it our duty to give here a similar 
table of the ancient Hebrew, Greek, and Roman weights; 
and also of the modern weights, of different countries, 
particular^ in Europe, as compared with the English 
Troy pound. 

ANCIENT WEIGHTS. 

Hebrew Weights, 

On>. Troy. lib. oz. dwt. grs. 

The obolus called gerah . 10*66 . 0 0 0 10*66 

Half shekel or beka . 103*37 . 0 0 4 7*37 

Shekel . ^ . . . 206*74 .0 0 8 14*74 

Minaorinaneh . . 12453*67 • 2 1 18 21*67 

Talent or cicar . 622683*6 * 108 1 5 3*6 

Attic Greek Weights*, 

Gis. Troy. lib. oz. dwt. grs. 

Chalcus . . . *82 * 0 0 0 0*82 

Obolus .... 8*20 .0 0 0 8*20 

Drachma . , . . 51*89 . 0 0 2 3*89 

Didrachma .... 103*78 .0 0 4 7*78 

Tetradrachma . . . 207*.56 .0 0 8 15*56 

Lesser mina of 75 drachms 3891*77 . 0 8 2 3*77 

Greater rnina of 100 drachms 5189*03 * 0 10 16 5*03 

Lesser talent of 60 lesser 

miiiaj . . . 233506-20 40 6 9 10*20 

Greater talent of 60 greater 

minsB . . . 311341*8 .54 0 12 13*8 

Roman Weights. 

Ois. Troy. lib. oz. dwt. grt; 

The denarius . . , * 0 0 2 3*89 

Ounce, rqiial to 12 denarii .415*12 • 0 0 17 7*12 
As or pound, equal to 12 

ounces . . . 4981*44 . 0 10 7 13*44 


* It may be proper here to obierve. that these weights were at the same 
time money. 
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Grs.Troy. hb. oz. dwt. 'gn. 

Another pound of 10 ot^nces 4151*2 . 0 8 12 23*2 

The lesser talent . . 233506*20 . 40 6 9 10*20 

The greater talent . 311341*8 * 54 O 12 13*8 

The above tables are taken from a work by M.Christiani, 
entitled, Delle Misurc d’bgni genere, antiche e moderne, 
&c; printed in quarto, at Venice, in the year 1760. As 
this is an obscure subject, and as some diderence prevails 
among the learned in regard to the value of the ancient 
weights, the translator has added the following tables from 
Arbuthnot, in order to render this article more complete. 

Jewish weights reduced to English Tr(^ weight. 

Ijb. o/. dwt. gr. 

The shekel . . . . 0 0 9 2^ 

Maneh . . . . 2 3 C lOf 

Talent . . . . 113 10 1 10^ 

The most ancient Grecian weights, reduced to English Trot/ 

weight. 

I lb. oz. dwt. gr. 

Drachma .... 0 0 6 

Mina . . . . 110 4|^ 

Talent . . . . 65 0 12 5|4 

Less ancient Grecian and Roman weights reduced to En- 
glish Troy weight. 




lib. 

oz 

dwt. gr. 

Lentes 


. 0 

0 

0 

SiliquuB 


0 

0 

0 3,V 

Oholus 


0 

0 

0 94 

Scriptiilum 


. 0 

0 

0 18^ 

Drachma . 


0 

0 

2 6A 

Sex tula 


0 

0 

3 Of 

Sicilicus 


. 0 

0 

4 I3f 

Duclla . ' . 


0 

0 

6 If 

Uncia 


0 

0 

18 5f 

Libra 


0 

10 18 13j. 
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Tlie Roman ounce is the English avoirdupois ounce, 
which they divided into 7 denarii, as well as 8 drachms: 
and since they reckoned their denarius equal to the Attic 
drachm ,v‘this will make the Attic weights | heavier than 
the correspondent Roman weights. 

We shall here observe, that the Greeks divided their 
obolus into chalci and lepta : thus, Diodorus and Suidas 
divide the obolus into 6 chalci, and every clialcus into 7 
lepta; others divided the obolus into 8 chalci, and every 
chalcus into 8 lepta, or minuta. 

The greater Attic weights, reduced to English Troy weight* 

lib. uz. dwt. grs. 

Libra or pound . . . 0 10 18 13^ 

Common Attic nil na . . 0 11 7 16^ 

Another mi nu U'jfd in medicine 1 2 11 10* 

The common Attic talent . 5G 11 0 174- 

It is here to be remarked, that there was another Attic 
talent, said by some to consist of 80, and by others of 100 
minsB. Every imna coritdins 100 drachniir, arul every 
talent 60 minai; but tlic ttilents dillcr in weight, according 
to the different standard ot the (••aclima* and ininm of 
which they are composed. 'Phe \alue of different mina: 
and talents, in English Troy weight, is exhibited in the 
following t.iblcs : 

Tuhle of different 

lib. oz. dni. grs. 

Egyptian mina . . . 1 5 6 22^5 

Antiochic . . . . 1 5 6 22^^ 

Ptolemaic of Cleopatra . 1 6 14 16^ 

Alexandrian of Dioscorides , 1 8 16 7;J^ 

Table of different Talents* 

, lib. oz. dwt. grs.. 

Egyptian . • . . 86 8 IC 8 

Antiochic . • . . 86 8 16 8 
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Ptolemaic of Cleopatra . 
Alexandrian . 

Of the Islands 
Antiochian . 


lib. oz. d«vt. gr. 
93 11 11 O 

104 0 19 14 

130 1 4 12 

390 3 13 11 


Modch'n weights of the principal count7'ies in the world, and 
particularly in Europe. 



Gis. Tioj. 


lib 

oz 

dwt. gr. 

Aleppo, the pound, 
called rotolo 

30084-86 


5 

4 

11 

0-86 

Alexandria in Ejrypt 

6158-74 

• 

1 

0 

16 

14-74 

Alicaiit . 

6908-58 

• 

1 

2 

7 

20-58 

Amsterdam 

7460-71 

• 

1 

3 

10 

20-71 

Antwerp, and the 
Netherlands 

7048-15 

• 

1 

2 

15 

4-15 

Avignon 

6210-99 

• 

1 

0 

19 

0-99 

Basle . 

7713-31 


1 

4 

1 

9-31 

Bayonne 

7460-71 


1 

3 

10 

20-71 

Bergamo J 

4663-97 


0 

.9 

14 

7-97 

1 IG59-52 


2 

0 

5 

19-52 

Berghcn 

7833-17 


1 

4 

6 

9-17 

Berne 

6721*53 

• 

1 

2 

0 

1-53 

Bilboa 

7460-71 

• 

1 

.3 

10 

20-71 

Bois-le-Duc 

7105-48 

» 

1 

2 

16 

1-48 

Bourdeaux, see Bayonne. 
Bourg 

7073-57 


1 

2 

14 

17-57 

Brescia ; 

4496-61 

• 

0 

9 

7 

8-61 

Cadiz 

7038-21 

• 

1 

2 

13 

6*21 

China (the kin) 

9222-93 

■ 

1 

7 

4 

6-93 

Cologne , 

7220-34 

• 

1 

.3 

0 

20-34 

Constantinople 

7578-03 

• 

1 

3 

15 

18-03 

Copenhagen 

6940-58 


1 

2 

9 

4-58 

Damascus 

25612-88 


4 

5 

7 

4-88 

Dantzic 

6573-86 

• 

1 

1 

13 

21-86 

Dublin . 

7774-11 

• 

1 

3 

19 

18-11 

Florence . 

. 5286-65 


0 

11 

0 

6*65 
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Genoa ^ 

. 

Grs. Troy. 

. 4426 -05 


lib. 

0 

oz. dwt. gr. 

9 4 10-05 

• m 

663T85 


1 

1 

16 

3-85 

Geneva . 


8407-45 

# 

1 

5 

10 

7-45 

Hamburgh 

• B 

7314-68 


1 

3 

4 

18-68 

Konigsberg 

• a 



1 

0 

8 

16-41 

Leghorn 

a m 

51‘1.5-54 


0 

10 

14 

9-54 

Leyden . 

a 

7038-21 


1 

2 

13 

6-21 

Liege 

a a 

7089-07 


1 

2 

15 

9-07 

Lille 

a • 

6544-33 


1 

1 

12 

16-33 

Lisbon 

m a 

7005-39 


1 

2 

11 

21-39 

Lucca 

a a 

5272-71 


0 

10 

19 

16-71 

Lyons ' 

1 Town weight 

6.946-32 


1 

2 

9 

10-32 

6431-93 


1 

1 

7 

23-93 

Madrid . 


6544*33 


1 

1 

12 

16-33 

Malo St. see 
Marseilles 

Bayonne. 

a * < 

6041-42 


1 

0 

11 

17*42 

Mechlin, see 
Mrihm . 

Antwerp. 

4440-82 


0 

9 

5 

0-82 

Messina . 

, 

4844-46 


0 

10 

1 

20-46 

Montpellier 

. 

6217-81 


1 

0 

19 

1*81 

Namur . 

. . 

7174-3'^ 


1 

2 

18 

22-39 

Nancy 

. 

703 8 '2 » 


1 

2 

13 

6-21 

Njntes, see Bayonne. 
Naples . . . . 

4951-93 


0 

10 

6 

7-93 

Nureinlierg 

a 

7870-91 


1 

4 

7 

22-91 

Pans 

» • • 

7560-80 


1 

3 

1.5 

0-8 

Pisa, 5L’c' Florence. 

Revel . . . . 

6573-86 


1 

1 

13 

21-86 

Riga 

, 

6148-89 


1 

0 

16 

4-89 

Rome 

a a 

5257-12 


0 

10 

19 

1-12 

Rouen 

• a 

7771-0 1. 


1 

4 

3 

19-64 

Saragossa 

a • 

4707-45 


0 

9 

16 

3*45 

Seville 

• a 

7038-21 


1 

2 

13 

6-21 

Smyrna . 

f w 

6514-33 



1 

12 

16-33 

Stettin 

« • 

6782-24 

• 

1 

'2 

2 

14-24 
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Stockholm 

Strasburg 

Toulouse, and ilfl^er 
Languedoc , 

Turin and Piedmont, in 
general 

Tunis and Tripoli, in 
Baibary 

Venice P"'""'* • 

C greater do. 

Verona 

Vicenza l>0"nJ • 

L irreater do. 


Ori. Troy. 

lib. 

oz. 

divt. gr. 

9211-45 . 

1 

7 

3 

19-45 

7276-94 . 

1 

3 

3 

4*94 

6322-82 . 

1 

1 

3 

10-82 

49'>9-62 . 

0 

10 

5 

19-62 

7i.7i*-!)4 . 

1 

2 

17 

11-94 

4215-21 . 

0 

8 

15 

15-21 

682U-04 . 

1 

o 

4 

10-54 

5374-44 . 

0 

11 

.3 

22-44 

4 67 A -28 . 

0 

9 

14 

CO 

01 

6870-05 . 

i 

2 

6 

15-05 


To reduce any of the wc’n^'hts in the preceding table to 
English averdupoKs pctnncK, nolliing mil be necessary but 
to divide the grains Trfiy, in Ute first coluinu, hy 7000. 


ei<i:Neii wf.ioiits. 


The Paris pound, poids dc mark of Charlemagne, con- 
tains S»216 Pans grains : it is divided into AG ounces, each 
ounce into S gros, and each gros into 72 grains*. It is 
etpial to 75G1 Kiiijlisfi 7’ioy grains. 

The English 'i’roy j^oiutd, ot } i ounces, ci>ntains 5760 
English grams, and is equal to 70? 1 ]^Lrl^ grains. 

The English averdupois poniul, ol to ounces, contains 
7000 English Troy grains; and is eijual to 8 538 Paris 
grains. 


NEW l i.r-NCU wr.ioiiTs, 


Milligramme 
Cent! gi ammo 
Decigramme 
Gramme 


Troy grains. 

•01544 

•15445 

1-54457 

15-44579 


^ Sometimes the gros is divided into 3 deniers, aud each denier into 21 
grains. 
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Enp. Troy pi.iMis. 

Decagramme 

1 : 4 ‘1-' 03 

Hectogramme 

. 15i l'-57.^<38 

Clnliogramnie 


Myriagrammc 

151157-9icioa 

A decagramme is 6 dwts. J0*4.> gTs. 

Troy, or 2 <lrs. 1 


scr. 14*45 grs. apoth, u<big’nt, or '>*u4S ilianis, avcrdupois. 
A hccto^rainiiic js J o/. S-lS drs. avcrdii]). 

A chiliooi armin' is C lbs. 3 oz. 4‘fi7 di'-. aver. 

A niyridgrariiinc is 22 lbs. 1 oz. 0*73 drs. aver. 
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MATHEMATICAL 


AND 

PHILOSOPHICAL 


RECREATIONS. 


PART FOURTH. 

Containing many curious Problems in Optics, 

The properties of light, and the phenomena of vision, 
form the object of that part of the mixed mathematics, 
called optics ; w hich is commonly divided into lour branches, 
viz, <lirect optics, or vision, catoptrics, dioptrics, and per- 
spective. 

Light indeed may reach the eye three ways : either 
directly ; or after having been reflected, or after having 
been retracted. Considered under the first point of view, 
it gives rise to the first branch of optics, called direct o))tics, 
or vision; in which is explained every thing that relates to 
the direct propagation of light, or by a straight line from 
the object to the eye, with the mauiier in which objects 
are perceived, Ac. 

Catoptrics treat of the effects of reflected light, and the 
phenomena produced by the reflottion of light from sur- 
faces of different forms; plane, concave, convex, i5cc. 

When light, by passing through transparent bodies, is 
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turned aside from its direct course, which is called re- 
fraction, it becomes the object of dioptrics. It is this 
branch of optics that explains the effects of refracting 
telescopes, and of microscopes. 

Perspective ought to form a [lart of direct optics, as it 
IS merely a solution of the different cases of the following 
problem: On a given surface to trace out the image of an 
object in such a manner, that it sliall make on the eye, 
wlien placed in a proper station, the same impression as 
the object itself — a problem purely geometrical, and in 
which nothing is required but to determine, on a plane 
given in position, the points where it is intersected by 
straight lines drawn to the eye from eve:ry jioint o^ the 
object. Consequently, the only thing here borrowed from 
optics, is the principle of the rectitude of the rays of light, 
as long as they pass through the same medium: the rest is 
pure geometry. 

Without confining ourselves to any other order than 
that of method, w'e shall now take a view of the most 
curious problems and phenomena in this inteicsting part 
of the mathematics. 

O/i the nature of light. 

Before w'c enter into any details respecting optics, we 
cannot help saying a few words on the nature and proper- 
ties of light in general. 

Philosophers are still divided, and in all probajjility will 
he so for a long time to come, in regard to the nature of 
light. Some are of opinion, that it is produced by an 
extremely line and elastic fluid, in consequence of an uri- 
dulatory motion communicated to it by the vibrations of 
luminous bodies, and which is propagated circularly to 
immense distances, and with an inconceivable rapidity. 
Light, according to this hypothesis, is entirely analogous 
to sound, w'hicb, as is Well known, consists in a similar 
undulation of the air, the vehicle of it. Several very 
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:>pecious reasons give to this opinion a considerable degree 
of probability, notwithstanding some physical dii&cultitis 
which it is not easy to obviate. 

According to Newton, light is produced from luminous 
bodies by the emission of particles highly rarefied, and 
projected with prodigious velocity. The physical dif- 
ficulties which militate against the former opinion, seem 
to serve as proofs of the present one; for the nature and 
propagation of light can be conceived only in these two 
ways. 

But, whatever may be the nature of light, it is proved 
that It nio^es witli astonishing velocity, since it is W'ell 
known that it employs only 7 or 8 minutes in passing from 
the sun to the earth; and as the distance of the sun from 
the earth, according to the best observations, is I2400C 
semi-diameters of the latter, or about 93 millions of miles, 
light moves at the rate of about two hundred thousand 
miles per second : at w'hich rate it goes from the oRrth to 
the moon, and returns from the moon to the earth, lu less 
than 3 seconds. 

'I'lie principal properties of hglit, or those wliich form 
the foundation of optics, are the following: 

1st, moves in a straight line, as long as it pas^i^ 

through the same transparent medium. 

This property is a necessary consetpicncc of the natuie 
of light; for whatever it may be, it is a body in motion. 
But a body moves iu a straight line if nothing obstructs or 
tends to turn it aside from its course; and as every 
thing in the same medium is equal in all directions, tlic 
light wliir h passes through it must nio^e in a straigiit lined 
course. 

This principle of optics, as well as the following, may 
be proved by experiment. 

2d. Light, when it rneets with a polished plane, is reflected, 
making the angle of rejkction egml to the angle of 
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incidence; and the reflection always takes place in a plane 
perpendicvlar to the rejiecting surfacey at the point of 
reflection. 

That is, if AB (plate 1 fig. ]) be a ray of light, falling 
on a plane surface dv, ; and if n be the point of reflection, 
to find the direction of the reflected ray bc, we must con- 
ceive to be drawn through the line ab, a plane perpen- 
dicular to the surface de, and intersecting it in the point 
b: if the angle cue in thl^ plane be tlicn made equal to 
ABD, the line cd will be the reflected ray. 

If the reflecting surface be a curve, as rf b er, a plane 
touching that surface, must be conceived passing through 
B, the point of reflection: the reflection will take place 
the same as if it were produced by the point ii ; for it is 
evident that the curved surface and the plane, a tangent 
to it in the point b, coincide in that infinitely small part, 
which may be considered as a plane common to the curved 
surface and to the tangent plane : the ray of light there- 
fore must be reflected from the curved surface, in the same 
manner as from the point n of the plane which touches it. 

3d. Lights in passing obliquely from one medium into another 
of a different density, is turned aside Jrom its rectilineal 
direction, so as to incline towards the perpendicular when 
it passes from a rare medium into one that is denser, as 
from the air into glass or water ; and vice versa. 

This proposition may be proved by two expcrinnuits, 
which are a l^md of optical dlusions. 

EXPERIMENT 1. 

Expose to the sun, or to ai.y other light, a vessel abcb 
(fig. 2 pi. 1), the sides of which are opake, and examine at 
what point of the bottom the shadow terminates. We shall 
here suppose that it is^t e. Then fill it to the brim with 
water or oil, and it will be found that the shadow, instead 
of terminating at the point B, will reach no farther than to f. 
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TJNi^' difference can arise only from the ihflectioji of the 
ray, of light s a, - which torches the edge of the vessel. 

the vessel is empty, this ray, proceeding in the 
straight Une sae, m^es the shadow terminate at the point 
E ;..but when the vessel is filled with a fluid denser than 
air, it'falls back to af. This inflection of a ray of light, 
in passing obliquely from one medium into another, is 
called Refraction. 

EXPERIMENT II. 

Place at the bottom of a vessel; the sides of which are 
opake, at q for example, (fig. 3 pi. l) a piece of money or 
any other object,, and move backwards from the vessel till 
the object disappears ; if water be then poured into the 
vessel, the object will immediately become visible, as well 
as that part of the bottom which was concealed from your 
sight. The reason of this is as follows : 

When the vessel is empty, the eye at o can see the point 
c only by the direct ray cao, which is intercepted by the 
edge a of tlie vessel ; but when the vessel is full of water, 
the ray cd, instead of continuing its course directly to e, 
IS refracted into do, by diverging further from the per> 
pendicuJar dp. This ray conveys to the eye tlie appear- 
ance of the point c, which is ^en at c, in the straight line 
OD continued: the bottom therefore, in this case, appears 
to be raised. For the same reason, a straight stick or rod, 
when immersed in water, appears to be bent at the point 
where it meets with the surface, unless it be immersed in 
a perpendicular direction. 

Philosophers have carefully examined the law' according 
to^^hich this inflection takes place, auU have found that 
a ray , as ef (fig. 4 pi. 1), passes from air into glass, 
into fi, in such a manner, that the sine of 
tla^^le CFEand that of i)Fi,are in ^constant ratio. Thus, 
ray XF be refracted into fi, and the ray cp into fi, 
the sine.qf t)i^ angle oi^g ,wiU have the same ratio to the 
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*114^^110, vfhen tiwa i«Af paMsetfroin air into €omi^ia^||j^ 
that is t6aay; tb« nnh of 
nvhich ray forma 

the refracting substance, is always two thirds of thosiira 
of the angle formed by the incident ray with the sanfe 
perpendicular. 

It is to be observed, that when the latter anglo^ that is 
the distance of the incident ray from the perpendicular, 
which is called the angle of inclination, is very smalls the 
at^le of refraction may be considered as two thirds of'tty 
because small angles have nearly the same rado as thdr 
sines. We here suppose that the ray passes from air into 
glass;, for it is^wOtl known, and may be easily proved kf 
the table of sines, that when two angles are very small^ that 
is, if they do not exceed 5 or (i degrees, they are sensib^ 
in the same ratio as their sines. Thus, in the case above, 
the angle of refraction ttd, will be two thirds of the angle 
of inclination ova; and consequently the angle formed by 
the refracted ray and the incident,.continued in a straight 
line, will be one third of it. 

When the passage takes place from air into water, the 
ratio of the sine of the angle of inclination, and that of the 
angle of refraction, is that of 4 to 3; that is, the sine of the 
angle x>fi is constantly ^ of the sine of ofe, the angle of 
inclination, of the ray incident in air.' Consequently, when 
these angles are very small, they may be considered as 
being in the same ratio; and the angle of refraction will 
be I of the angle of inclination. 

This proportion is the basis of all the calculations of 
dioptrics ; and on that account ought to be well imprkg^ 
ihr^e memory. For* the^ discovery of it wo ere 
0the celebrated Descartes; though it appears 
j/Hts testimony of Huygens, that a law of refracdod 
'uonstant, and which in fsct is the same, was dtscoveilRi 
befdre by WiUebrod 8nd}, a Dutch metfaeittettdab; * But 
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PROBiBM I. 

Irt exhi^U^ in a darkened room, external oifects, in th^ 

^ j^atpiral colours and proportions. 

BhHt tlie4oor and windows of the apartment^ in iticlt,a 
mmier^ that no light can enter it> hut through a aopaH 
hole eerjr ne^ly cut in ono of the window ahuttem^ op|^ 
fliba toaomo well frequented place or landscape; tbeahohl 
w white cloth or piece of white paper opposite to the hole^ 
and if the external objects are strongly illuminatedf 
the room very dark, they will appear as if painted on thd 
cioth or paper, in their natural colours, but inverted. 

The experiment, performed in this simple maonerr will 
succeed well enough to burpnse those who see it for the 
first time; but it may be lendeied much more striking by 
means of a lens. 

Adapt to the hole of the shutter, which in this case must 
be some inches in diameter, a tube having at its internal 
extremity a convex lens, of 4 , 5 , or 6 feet focus; if a piece 
of white cloth, or a sheet of paper, be then held at that 
distance from the glass, and m a direction perpendicular 
to the axi> of the tube, the external objects will be painted 
on the cloth or paper, with much more distinctness and 
tivacity of colouring, than in the preceding experiment; 
and in so accurate a manner, that the features of the 
person seen may be distinguished.^ This spectacle is highly 
IXausiiig, especially wlien a public place, a promenad^ 
JitM with people* &c, are exhibited. 

% .^Sfiifnpaiiitiag indeed is inverted, which destroys a lit^ 
aMwitfeiit; but different methods may be employed to 
tefce it appear in its natural position: it is however to be 
iogretlied tbm this cannot be done adthout iijuring the 

l2 



CikMERA OB^OOnVl. 


distinctness, or lessening the field of the picture. T4«tiB 
who' may be desirous of « seeing the ol^ots ereet, tnust 
proceed in the following manner: ’ 

At about half the focal distance of the lens place a plane 
mirror, inclined at an angle of 45®, so that it may reflect 
downwards the rays proceeding from the lens; if you 
then place horizontally below it a sheet of paper, the 
image of the external objects will appear painted on the 
paper, and in their natural situation to those who have 
their backs turned towards the window. Fig. 5, represents 
the mechanism of this inversion, of which a clear idea can- 
not be formed without some knowledge of catoptrics. 

The sheet of paper may be extended on a table, and 
nothing will be necessary but to dispose the glass and 
mirror at such a height from the paper, that the objects 
may be distinctly painted on it. By these means a land- 
scape, or edifice, &c, may be exactly delineated with great 
ease* 


PROBLEM II. 

To construct a portable Camera Ohscura. 

Construct a wooden box abcd (fig. 6 pi. 1), about a foot 
in height, as much in breadth, and 2 or 3 feet in length, 
according to the focus of the lenses employed. To one 
of the sides adapt a tube ef, consisting of two, one thrust 
within the other, that it may be lengthened or shortened 
at pleasure ; and in the anterior aperture of the first tube 
fix two lenses, convex on both sides, and about 7 inches in 
diameter, so as almost to touch each other ; place another 
of about 5 inches focal distance in the interior aperture; 
and at about the middle of the box, taken lengthwise, dis- 
pose in a perpendicular direction a piece of oiled 

stretched on a frame : in the last place, make a X^imd 
hole 1, in the side opposite to the tube, and sufficloi^y 
large to receive both eyes. ' x " 

When you are desirous of viewing any objects, 



OAABitAOjisollflkA. 1^9 

tM^lfurntstiied^with tbe teiises) towfird^them^ and adji|«( 
by idrawing ii outer pushing it in, till the ima^ 
at the objects is painted distinctly on the oiled papeiv ' 

folio^^ring -ts the description of another casneta 
db^ara, invented by Gravesande, and of which be gave 
an account at tlie end of his Essay on Perspective. 

This nnabhine is shaped almost like a hackney ebajr; 
the top of it is rounded off towards the back part, and be- 
fore it swells out into an arch at about the middle of its 
height. See plate II fig. 7, where this machine is repre- 
sented with the side opposite to the door taken oiF, in order 
that the interior part of it may be exhibited to view. 

1st. The board a, in the inside, serves as a table: it 
turns on two iron hinges fastened to the fore part of tbe 
machine, and is .siip])ortecl by two small chains, that it 
may be raised to facilitate entrance into the mdchitie. 

2d. To the back of the machine, on the outside, are af- 
fixed four small staples c, c, c, c, in which slide two pieces 
of wood DE, TJE, 3 inches in breadth; and through these 
pass two other pieces, serving to keep last a small board f, 
which by their means can be moved forwards or back- 
wards. 

3d. At the top of the machine is a slit pmoq, 9 or 10 
inclics in length, and 4 in breadth, to the edges of which 
arc afiixcd two rules in the form of a dove tail : between 
these slides a board of the same lengtii, having a round 
hole, of about 3 inches diameter, in the middle, furnished 
with a nUi, that serves to raise or lower a tube about 4 
Inches in height, which has a screw corresponding to the 
nut. This tube is intended for receiving a convex glass. 

4th. The moveable board, above described, supports a 

S Lfe box X, about 7 and a half inches in breadtii, and 10 
^ght, the fore part of which can be opened by a small 
and in tlie back part of the •box towards the bottom 
^ a square aperture n, of about 4 inches in breadth, which 
at pleasure by a moveable board.' 
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5tb. Above this square aperture is a sift parallel 
horrzon^ and which occupies the whdte breadth of 
It serves for introducing into the box a plane mirror» 
slides between two rules so that the a'ngle it uiab'es 
the horizon towards the door s is or of a'ripil ' 

■ angle. 

6th. The same mirror, when necessary, may be plaOed ' 
in a direction perpendicular to the horizon, as seen at ji; 
by means of a small iron plate adapted to one of its sides, 
and furnished with a screw which enters a slit formed in 
tbo top of the machine, and which may be scre^yed fas^t byj 
a nut. 

'Ith. Within the box is another small mirror ll, which 
turns on two pivots, fixed a little above the slit of No. 5, 
and which, being drawn up or pushed down by the small 
rod s, may be inclined to the horizon at any angle what- 
ever. 

8th. That the machine may be supplied with atr, a tube 
of tin-plate, bent at both ends, as seen fig. 8, may be fit- 
ted into one of the sides: this will give access to the air 
without admitting light. But, if this should not be suf- 
ficient, a small pair of bellows, to be moved by the foot, 
may be placed below the seat, and in this manner the air 
may be continually renewed. 

The different uses of this machine are as follow. 

I, To represent objects in their natural sitiuitionj^ 

When objects arc to be r<*preseiited in this machine, ex- 
tend a sheet of paper .on the table, or rather stretched on 
a frame, or you may employ a piece of strong card, and 
fix it in such a manner as to remain iinmoveable. 

' In the tube c, (fig. 7) place a convert glass, the focus’ql 
which is nearly equal to the height of the machine 
the table; open theba<;k part of the box x, and 
rb'mn^d the mirror tf, as well as the board t, add the rulil^ 
DE, incline the moveable mirror ll, till it make with the 
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iwgie pf nejirl)^ y?“ intend tp represent 
^ a considerate distance, and wbic{i form a ^r- 
pei^aipuj&r t^n^ape, Wtiien this is done, all those qb- 
j^c|s wb^eh transipit rays to the mirror ll, so as to be re 
on the convex glass, will appear painted on t|ie 
paper frame s the point where the images are most distinct 
may be found, if the tube which contains the lens be 
lowered or raised, by screwing it up or down. 

By these means any landscape, or view of a city, &c, 
may be exhibited with the greatest precision. 

II. To represent objects in such a manner ^ as to make that 

which is on the right appear on the left^ and vice versa. 

The box X being in the situation represented in the 
figure, open the door b, and having placed the mirror s 
in the slit, and in the situation already mentioned No. 5, 
raise the mirror ll till it make with the horizon an angle 
of 22^ degrees ; if the fore part of the machine be then 
turned towards the objects to be represented, which we, 
here suppose to be at a considerable distance, they will 
be seen painted on the paper, but transposed from right 
to left. 

It may sometimes be useful to make a drawing where 
the objects are transposed in this manner ; for example, in 
the case when it is intended to be engraved ; for as the > 
impression of the plate will transpose tlie figures from 
right to left, they will then appear in their natural posi- 
tion. 

IlL To represent in succession all the objects in the neighs 
bourhood, and quite around the machine, 

^«^,jPlace 4 he mirror h in a Vertical position, as seen in the 
and incline the mirror h at an angle of 45 degrees ; 
i{the former be then turned round vertically, the lateral 
qi^ecta will be seen painted in succession on the paper, in 
a very pleaaaot ii»uner. 
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It most here be observed, that it vtiW be tiecestu^fo 
cover the mirror u with a kind of box made of '][>^tebQiwdv 
open towards the objects, and also towards the aperture ft 
of the box X ; for if the mirror h were left esi«frely’e*>i 
posed, it would reflect on the mirror l a great many latend 
rays, which would considerably weakcii.tlie effect. 

IV. To represejit the image of paintings or prints. 

Affix the painting or print to the side of the board p, 
which is next to the mirror l, and in such a manner that it 
may be illuminated by the sun. Diit as the object in this 
case will be at a very small distance, the tube must be fur» 
nished with a glass, having its focal distance nearly equal 
to half the height of the machine above the paper : if the 
distance of the painting from the glass be then equal to that 
of the glass from the paper, the figures of the painting will 
be represented on the paper exactly of the same size. 

The point at which the figures have the greatest dis- 
tinctness, may be found, by moving backwards or forwards 
the board r, till the representation be very distinct. 

Some attention is necessary in regard to the aperture of 
the convex glass. 

In the first place, the same aperture may in general be 
giyen to the glass as to a telescope of the same length. 

Secondly, this aperture must be diminished when the 
objects are very much illuminated ; and vice versa. 

Thirdly, as the traits appear more distinct when the 
aperture is small, than when it is large, if you intend to 
delineate the objects, it will be necessary to give to the 
glass as small an aperture as possible; but taking care not 
to extenuate the light : it w 'll therefore be proper to have 
different ctroAes of copper or of blackened pasteboar^^ 
.be employ^ for altering the size of the aperture, acdpmj}- 
hig to circumstances. ^ » p- 

Bi^ark. — O n the top of the Royal Observatory«^«#t 
Gi^enwich, is an excellent camera obscura, capable ef 
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>5 &t S persons, all viewing the exhibitioty to* 
geihen ^^11 the motions of the glasses are easily perfurni^ 
ed by oneof the persons within, by means of attached rods'; 
and the tmages' are thrown on a large and smooth concave 
lidile^^Gast of plaster of Paris, and moveable up and down 
fid as to suit the distances of the objects. 

PBOBLEM III. 

To explain the nature of vision ^ and its principal phenomena. 

Before we explain in what manner objects are perceived, 
it will be necessary to begin ivitb a description of the won- 
derful organ destined for that purpose. 

The eye is a hollow globe, formed of three membranes, 
which contain humours of different densities, and which 
produces in regard to external objects the same effect as 
the camera obsciira. The first or outermost of these mem- 
branes, called the Sclerotica, is only a prolongation of that 
which lines the inside ol the eye-hds. The second, called 
the Chorouies, is a prolongation of the membrane which 
covers the optic nerve, as well as all the other nerves. 
And the third, which lines the inside of the eye, is an ex- 
pansion of the optic nerve itself: it is this membrane, en- 
tirely nervous, w'hich is the oigan of vision ; for notwith- 
standing tile experiments in consequence of which this 
function has been ascribed to the cboroides, wc cannot 
look^for sensation an}^ w'here else than in the nerves and 
nervous parts. 

In the front of the eye the sclerotica changes its nature, 
and assumes a more convex form than the ball of the eye, 
-forming here w'hat is called the Transparent Cornea. The 
-«llboroides, by being prolonged bcloa ilie cornea, niustne- 
^^sarily leave a small vacuity, wliicii forms the anterior 
T>i|^ib^ptacle of the aqueous humour. This prolongation 
' of the clioroides terminates at circular aperture well 
/kiiown under the name of the Pupil. The coloured part 
^wbicb surrounds this aperture is called the Iris or Uvea; 
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H is auaeepttbleof dijatation and contfactiioii, ao 
eEpdaad to a strong light, thn aperture.of iho ptppilopiiifs 
tracts, and in a dark place it dilates, > . •; r > 

. Shis aperture of the pupil is similar .to 
camera obscura. Behind it is suspended, by a cirpulair, 
ligament, a transparent body of a certain consistence, |U)4 
hairing the form of a lens: it is called the Crystalline 
Humour, and, in this natural camera obscura, performs 
the same office as the glass in the artificial one. 

By this description it may be seen that, bet^veen the 
cornea and the crystalline humour, there is a sort. of chaio« 
her, divided into nearly two equal parts, and another J%e«, 
tween the crystalline humour and the retina. The first is 
filled with a transparent humour similar to water, on whii^t 
account it has been called the Aqueous Humour. Th^ 
second chamber is filled with a humour of the same con« 
sistence almost as the white of an egg : it is known by the 
name of the Vitreous Humour. All these parts may be 
seen represented plate 3, fig. 9 ; where a is the sclerotica, 
b the cornea, c the choroides, d the retina, e the aperture 
of the pupil, ^the uvea, h the crystalline humour, ii the 
aqueous, kk the vitreous, and I the optic nerve. 

As it is evident, from the above description, that the eye 
is a camera obscura, but more complex than the artificial 
one before described, it may readily be conceived that the 
images of the external objects will be painted in an jii]|yerjb< , 
ed situation,^ on the retina, at the bottom of it ; and these 
images, by affecting the nervous membrane, excite in the 
mind the perq^ption of light, colours, and figures. If the 
image be dist^ll^and lively, the impression received by tjije 
mind is the siil6e ; but if i<- be confused and obscure, 
perceptien is confused and obscure also: thisissufficieu^' 
proved by experiment. That such images really ' 
easily shown by employing the eye of any ' 

i^h as that of a sheep or bullock ; for if the back part of 
k be cut offt so as to leave only the retina i andif'l^ 
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be placed befeie thehole of a camm ebsearay^ 
tW^l'diiige.^f the external objects arill be seen painted ca 
the tetina at the bottom of it. ^ ^ 

]ihit It My here be asked, since the images of the 6b« 
j^etS are inverted, how comes it that they are seen in the^. 
pi^Oper position i This question can have no dilBcuity bat 
td'those who are ignorant of metaphysics. The ideas in^ 
d^ed which we have of the upright or inverted situation of 
objects, in regard to ourselves, as well as of their distance, 
afe merely the result of the two senses, seeing and tonch- 
ing combined. The moment we begin to make use of our 
srght, we experience by means of touching, that the ob- 
jects Which alfect the upper part of the retina, are to- 
wards our feet in regard to those that affect the lower part, 
which touching tells us are at a greater distance. Hence 
is established the invariable connection that subsists be- 
t^en the sensation of an object which affects the upper 
pitt of the eye, and the idea of the lowness of that 
object. 

But what is meant by lowness? It is being nearer the 
lower part of our body. In the representation of any ob. 
ject, the image of the lower part is painted nearer that of 
out feet than the image of the upper part; in whatever 
place the image of our feet may be painted on the retina, 
this image is necessarily connected with the idea of in- 
fetierky ; consequently, whatever is nearest to it neces- 
sarily produces in the mind the same idea. The two sticks 
of the blind man of Descartes prove nothing here, and Desi- 
cairtes would certainly have expressed himself in the same 
bad he not adapted the doctrine^^l^iiltnate ideas, 
|ji|^rLbed by modern metaphysics. 

, PROBLEM IV. 

dn artificial rye, for exhibiting and explammg 
V, j ‘ . alt the phenomena of vision, 

*THs*'ifraobine may be easily constructed froin the fol-' 
lowing description, abde is a hollow ball of wood (fig*' 10 
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pi. S), 5 or 6 inohes in diamct&r, forttred of twb 'findink 
spheres joined together at lm, and in such a iniATin^f^^l^ 
they can be brought nearer to or separated fronfl'e^dh 
other about half an inch. The segment Ab of the antei^Or 
hemisphere is a glass of uniform thickness, like that of a 
watch; below which is a diaphragm, with a round hole, 
about 6 lines in diameter, in the middle of it ; f is a lens, 
convex on both sides, supported by a diaphragm, and 
having Tts focus equal to fc when the two hemispheres are 
at their mean distance. In the last place, the part nefi Is 
formed of a glass of uniform thickness, and concentric to 
the sphere, the interior surface of which, instead of beihg 
polished, is only rendered smooth, so as to be semi-tranft- 
parent. Such is the artificial eye, to which scarcely afty 
thing is wanting hut the aqueous and vitreous humours; 
and these might he represented also, by putting into the 
first cavity common water, and into the other water Charged 
with a strong solution of salt. But for the experiments 
we have in view, this is entirely useless. 

This small machine however may be greatly simplified 
by reducing it to two tubes of an inch and a half or two 
inches in diameter, one thrust into the other. The first, or 
anterior one, ought to be furnished with a lens of about S 
inches focus; but care must be taken to cover the whole 
of it except the part nearest the axis, which may be dohe 
by means of a circular piece of card, having in the middle 
of it a hole about half an inch in diameter. The extremity 
of the other tube may be covered with oiled paper, which 
will perform ^he part of the retina. The whole must then 
be arranged,!^ such a manner, that the distance of the 
glass from the oiled pape; may be varied, from about^^to 
4 inches, by pushing in or drawing out one of the tt4^. 
A machine of this kind may easily be procured by an/^Sne, 

’and at a very small expence. 

* . in- 

Experiment L r - 

a The glass or the oiled paper being exactly in the focus 
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lenp, if, th& machine be tamed towards very distant 
olajiecU, they will be seen painted with great distinctness 
on^thC'Setina. If the machine be lengthened or shortened, 
ti.H>tlie bottom part be no longer in the focus of the Jens« 
the objects will be seen painted, not in a distinct, but in a 
confused manner. 

Experiment //. 

t - 

present a taper, or any other enlightened object, to the 
machine at a moderate distance, such as 3 or 4 feet, and 
cause it to be painted in a distinct manner on the retina, by 
moving the bottom of the machine nearer to or farther 
from the glass. If you then bring tfie object nearer, it will 
cease to be painted distinctly ; but the image will become 
distinct if the machine be lengthened. On the other hand, 
if the object be removed to a considerable distance, it will 
cease to be painted distinctly, and tlic image will not be- 
Opme distinct till the machine is shortened. 

Experiment III, 

A distinct image however may be obtained in another 
manner, without touching the niacbiiK . In the hr^t case, 
if a concave glass be presented to the eye, at a distance 
which must be found by tiial, the painting of the object 
>vill be seen lo become distinct. In the second case, if a 
^.oijivpx glass be presented to it, the -amc effect will be 
produced. 

These experiments serve to explain, in the most sen- 
sible manner, all the phenomena of vision^ as well as the 
origin of those defects to which the sight is subject, and 
means by which they may be rcmt iiecU^ 

^^^pbject: are only seen distinctly when they are painted 
, manner on the retina ; but when tlie conforma- 

liofi of the eye is such, that objects, at a moderate distance, 
jMpp painted in a distinct manner, those which are i|tpch 
nearer, or at a much greater distance, cannot be painted 
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vitb distinctnesa. In the 6nt case^ the point 
vision is beyond the retina^ and if it were possiH#<4p 
change the form of the eye, so as to move the retina far- 
ther from that point, or the crystalline humour fart)^? 
Irom the retina, the objects would be painted in adbtinct 
manner. In the second case, the effect is contrary : 
point of distinct vision is on this side of the retina ; and) 
to produce distinct vision, the retina ought to be brought 
nearer to the crystalline humour, or the latter nearer to 
the retina. We are taught by experiment that in either 
case a change is produced, which is not made without 
some effort. But in ^hat does this clMinge consist? Is it 
in a prolongation or fattening of the eye? or is it in 8 
displacement of the crystalline humour ? This has never 
yet been properly ascertained. 

Ill regard to sight, there are two defects, of a contravy 
nature^ one of which consists in not seeing distinctly any 
objects but such as are at a distance •, and as this Is genet 
rally a failing in old persons, those subject to it are called 
Presbytse : the other consists in only seeing distinctly very 
near objects ; and those who have this failing are called 
Myopes. « 

The cause of the first of these defects, is a certain con- 
formation of the eye, in consequence of which the image 
of near objects is only painted in a distinct manner beyond 
the retina. But the image of distant objects is nearer thab 
that of neighbouring objects, or objects at a moderate db 
stance : the image of the tormer may therefore fall on the 
retina, and distant objects will then be distinctly seen, 
while neighbqi^'ng objects will be seen Pnly in a confused 
manner. 

But to render the view of neighbouring objects distuSI^ 
^tbing else is necessary than to employ a coitviex 

been seen in the third experiment ; for a coUVi^ 
glSili', by making the rays converge sooner^ brings a 
tinct image of the objects nearer ; consequently it wiU 
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tiiti rietina a drs^iiet [»ictare,^ which dthervise 
t^dfthi'^a'lAe fellen beyond it. 

In regard to the myopes^ the case will be exactly ^ 
re^etse. As' the defect of their sight is occasioned by a 
cbhfoi^iatiort bf the eye which unites the rays too sooh^ 
and causes the point where the image of objects mode»- 
rutely distant are painted with distinctness, to fall on this 
siile the retina, they will receive relief from concave glasses 
intl^osed between the eye and the object; for these 
glaSsOs, by Causing the rays to diverge, remove to a 
greater distance the distinct image, according to the third 
experiUient : the distinct itmige of objects which was be- 
fore painted on this side the retina, will be painted dis- 
tinctly on that membrane when a concave glass is em- 
ployed. 

Besides; myopes will discern small objects within the 
reach of their sight much better than the presbyte, or 
persons endowed with common sight ; for an object placed 
at a smaller distance from the eye, forms in the bottom of 
it, a larger image, nearly in the reciprocal ratio of the 
distance. Thus a myope, who sees distinctly an object 
placed at the distance of 6 inches, receives in the bottom 
of the eye an image 3 times as large as that painted in the 
eye of the person who does not see distinctly but at the 
distance of 18 inches : consequently all the small parts of 
this object will be magnified in the same proportion, and 
will become sensible to the myope, while they will escape 
the observation of the presbytae. If a myope Were in such 
a state as only to see distinctly at the distance of half an 
inehr, objccts'would appear to him 16 timj^s as large as to 
persons of ordinary sight, w^hose boundary of distinct 
Y^oft is about 8 inches : his eye would be an excellent 
adidlDBCM)pe| and he would observe in objects what persons 
ef^urdinaiy sight cannot discover, assistance 

#biat instrument. 
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PROBLEM V. 

To cause an object^ whether seen near hand dr at d gviat 
distance^ to appear always of the same size. 

The apparent magnitude of objects,’ every thing else 
being alike, is greater according as the image of the object 
painted on the retina occupies a greater space. But the 
space occupied by an image on the retina, is nearly pro- 
portioned to the angle formed by the extremities of the 
object, as may be readily seen by inspecting hg. 11 } con- 
sequently it is on the size of the angle formed by the ex- 
treme rays, proceeding from the object, which cross each 
other in the eye, that the af^arent magnitude of the ob- 
ject depends. 

This being premised, let ab be the object, which is to 
be vicwed:v,at different distances, and always under the 
same angle. On ab, as a chord, describe any arc of a 
circle, as acdb: from every point of this arc, as a, c, d, 
B,*the object ab will be seen under the same angle, and 
consequently of the same size ; for every one knows that 
all the angles having ab for their base, and their summits 
ID the segment acdb, are equal. 

The case will be the same with any other arc, as Acdn*. 


PROBLEM VI. 


Two unequal parts of the same straight line being given, 
whether adjacent or not; to find the point where they will 
appear equal. , 

On ab and bc (hg. 12 pi. 3), and on the same side, con- 
struct the two similar isosceles triangles afb and bgc; 
then from thu^, centre f, with the radius fb, describe a 


circle, and from the point o, with the radius gb, descrih^ 
another circle; intersecting the former in d: the point:^' 
\yill be the place required^ where the two lines 
equal. [ 
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tion, hence it foUo\\s, that the angle a dr is 

ecjual to bdc, as the point d is common to both the arcs. 

Remarks. — 1st. Thea-e are a great many points, such 
as D, which will answer the problem ; and it may be de« 
monstrated, that all these points are in the circumference 
of a semi-circle, described from the point i as a centre. 
This centre may be found by drawing, through the sum- 
mits F and G of the similar triangles afb and ccc, the line 
FG, till it meet ac produced, in i. 

2d. If the lines ab and bc form an angle, the solution 
of the problem will be^ still the same; the two similar arcs 
described on^AB and bc wdl necessarily intersect each 
other in some point d, unless they touch in b ; and this 
point o will, in like manner, give tlic solution of tbe pro- 
blem. 

3d. The solution of the problem will be still the same, 
even if the unequal lines proposed, ab and Ac (fig. 13 pi. 
4), are not contiguous; only care must be taken that the 
radii fb and oA, of the two circles, bc such, that the cir- 
cles shall at least touch each other. If ab = <7, bA =: r, 
Ac = A, and ac = r/ = ^ +c, that the two circles touchv 

each other, fb must be at least = 


4a ^ 


iii + ar+ br-h <■» 

"Tb * 


or 


,af + (fl 


j r .1 ,ob + ac + 6c + C' ah + cd 

and gA =: , or If these 

lines bc less, the two circles will neitiKr touch nor cut 
each other. If they be greater, the circles will intersect 
each other in two^points, which will each give a solution 
of the problem. Let a, for example, be =■ 3, A = 2, and 
iTs? 1 : in this case &A will be found s= 1-4142, and 

|.v'2 = 2-1213, when the circh-'. just touch each 

• In die last place, if we suppose three unequal and 


' A consideraulc enoi in the original has been here corrected, both in tha 
^(cbmical expre»icu> and lu the nuuieial values. 
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contiguous lines, as ab, bc, cd (iig. 14 pi. 4), and if the 
point from which they shall all appear under the sam 
angle, be required, find, by the first article, the clrcuih- 
ference bef &c, from every point of which the lines ab 
and Bc appear under the same angle j find also the arc 
CEO from which bc and cd appear under the same angle ^ 
then the point where these two arcs intersect each other, 
will be the point required. But to make these two circles 
touch each other, the least of the given lines must be be- 
tween the other two, or they must follow each other in this 
order, the greatest, the mean, and the least. 

If the lines ab, bc, and cd be not contiguous, or in one 
straight line, the problem becomes too difficult to be ad- 
mitted into this work. We shall therefore leave it to the 
ingenuity of such of our readers as have made a more 
considerable progress in the m4itlicmatics. 

PROBLEM VII. 

If AB be the length of a parterrey situated before an edifice, 

' the front of which is cd, requued the point in that front 
from which the apparent magnitude of the pinterre ab 
will be the greatest (fig. 15 pi, 1). 

Take the height ck a mean proportional between cb 
and ca: this height will give the point quired. For if 
a circle bc described through the points a, b, e, it will 
touch the line ce, in consequence of a well-known pro- 
perty of tangents and secants. But it may be readily 
seen that the angle aeb i- greater than any other a<?b, the 
summit of which is in the line cd; for the angle acb is 
less than a^b, which is equal to aeb. 

PROBLEM VIII. 

A circle on a horizontal plane being given; it is reguir^ to 
find the position of the eye where its image on the per^ec^^ 
five plajie will be still a circle. 

f here suppose that the reader is acquainted with'the 
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fumiamental principle of perspective representation, which 
consists in supposing a vertical transparent plane between 
the eye and the object, called the perspective plane. Aft 
rays are supposed to proceed from every point of the ob- 
ject to, the eye, if these rays leave traces on the vertical 
plane, it is evident that they will there produce the same 
effect oil the eye as the object itself, since they will paint 
the same image on the retina. The traces made by these 
rays are called the Perspective Image. 

Let AC (fig. 16 pi. 4) then be the diameter of the circle 
on the horizontal plane acp, perpendicular to the per- 
spective pldiie; QR a section of the perspective plane, 
and po a plane perpendicular to the horizon and to the 
line AP, 111 which it is required to find the point o, where, 
if the eye be placed, the representation ac, of the circle 
AC, shall be also a circle. 

If PO be made a mean proportional between ap and cP, 
thd point o will be the one required. 

For, if PA lie to po, us po to pc, the triangles pao and 
pco will be similar, and the angles p vo and cop will be 
equal : the angles pao and ccg, or pao and bco, will also 
be equal; hence it follows that in the small triangle aco, 
the angle at c will be equal to the angle oac, and the an- 
gle at o being cuminon to the triangles aoc and aoc, the 
other tuOj aco and cuo, will be also eipiui : AO then will 
be to CO, as CO to eu ; hence the oblique i one aco will be 
cut in a sub-contrary maimer, or sub-contrary position, by 
the vertical plane ^R, and consequently the new section 
will be a circle, as is demonstrated in conic sections. 

PROBLEM IX. 

is ihc image of the sun, which passes into a darkened 

eg^tment through a square or triangular hole, abacus 

This problem was formerly proposed by Aristotle, who 
gave a very bad solution of it ; for he said it arose from 

M 8 
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the rays of the sun affecting a certain roundnedlr,'^^hi«h 
they resumed when they had surmounted the restraint 
imposed on them by the hole being of a different figure. 
This reason is ent^ely void of foundation. 

To account for ^this phenomenon, it must be Q||erved 
that the rays ]^^eeding from any object, whether lumin* 
ous or not, whidli pass through a very small hole 
a darkened chamber^ form there an image exactly similar 
to the object itself ; for these rays, passing through the 
same point, form beyond it a kind of pyramid similar t6 
the first, and having its summit joined to that of the first> 
and which, being cut by a plane parallel to that of file 
object, must give the same figure but inverted. 

This being understood, it may be readily conceived that 
each point of the triangular hole, for example, paints on 
paper, or on the floor, its solar image round ; for every 
one of these points is the summit of a cone of wdiich the 
solar disk is the base. ^ 

Describe then on paper a figure similar and equal to 
that of the hole, whether square or triangular, and from 
every point of its pcriphcr}^ as a centre, describe equal 
circles; while these circles arc small, yon w'ill have at first 
a triangular figure with rounded angles; but if the mag- 
nitude of the circles be increased more and more, till the 
radius be much greater than any of the dimensions of the 
figure, it will be observed to become rounder and rounder, 
and at length to be sensibly converted into a circle. 

But this is exactly what takes place in the darkened 
apartment ; for when the paper is licid very near to the 
triangular hole^ you have a mixed image of the triangle 
and the circle ; but if it ue removed to a considerable 
distance, as each^ircular image of the^^un becomes theO 
very large, in. f^ard to the diameter of the'hbltfj^’the 
ima|lii is sensibl}'’ round. If the disk of the suiv W^ere 
sq^q^fbyahd the hole round, the image at a certain distah^ 
^uld,' for the same reason, be a square, or in general of 
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th^ fiamiB. figure as the disk. Tjie image of the qioeu 
therefore) when increasing, is always, at a sufficient di« 
stance, a similar crescent, as is proved by expetieoce. 

. . PROBLEM X. 

Xq niSce an object which is too near the be distinctly 

^-^^f erceivedy to he seen in a distinct maimir^ without the hir 
terposition of any glass, 

Make a hole in a card with a needle, and without chang- 
ing the place of the eye or of the object, look at the latter 
through the hole ; the object will then be seen distinctly, 
a^'Oven considerably magnified. 

The reason of this phenomenon may be deduced from 
the following observations: When an object is not dis- 
tinctly seen, on account of its nearness to the eye, it ic 
because the rays ]nocccding from each of its points, and 
falling on the aperture of the pupil, do not converge to a 
point, as when the object is at a proper distance: the 
image of each point is a small circle, and as all the small 
circles, produced by the dilTercnt points of the object, en.^^ 
croacb on each other, all distinction is destroyed, liut, 
when the object is viewed through a vci y small hole, each 
pencil of rays, proceeding from each point of the object, 
has no other diameter than that of the hole ; and cunse- 
quent’v the image ot that point is considerably confined, 
in an extent which scarcely surpasses «lic size it would 
have, if the object were at the necessary distance j it must 
therefore be seen distinctly. 

PROBLEM XT. 

fVhen the eyes are directed in such a w-niner as to see a very 
objectify do near objects appear double^ and 

•o The reason of this appearance is as folloivs. When we 
look at ^ object, we are accustomed, from habit, in direct 
the pptical. axis of our eyes towards that point which we 
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principally consider. As the images of ol^ects.mrei in 
other respects, entirely similar, it thence results that^ hor 
ing painted around that principal point of the retina at 
which the optical, axis terminates, the lateral parts of an 
object, those qif^l^^ight for example, are painte^neaeh 
eye to the lell^^nat axis ; and the parts on the‘%t afe 
painted on tfilS’light of it. Hence there has been e8||^ 
blished between these parts of the eye such a correspond- 
ence, that when an object is painted at the same tuna Jn 
the left part of each eye, and at the same distance from the 
optical axis, we think there is only one, and on the right; 
but if by a forced movement of the eyes we catte.^e 
image of an object to be painted in one eye, on t^'^ght 
of the optical axis, and in the other on the left, we see 
double. But this is what takes place when, in directing 
our sight to a distant object, we pay attention to a neigh- 
bouring object situated between the optical axes : it may 
be easily seen that the two images which are formed in the 
two eyes are placed^ one to the right and the other to the 
^eft of the optical axis ; that is, on the right of it in the 
right eye, and on the left of it in the left. If the optical 
axis be directed to a near object, and if attention be at the 
same time paid to a distant object, in a direct line, the con- 
trary will be the case. By the effect then of the habit, 
above mentioned, we must by one eye judge the object to 
be on the right, and by the other to be on the left ; the two 
eyes are thus in contradiction to each other, and the object 
appears double. 

This explanation, founded on the manner in which we 
acquire ideas by sight, is confirmed by the following fact. 
Cheselden relates that a nan having pstained a hurt in 
one of his eye^ blow, so that heMiuld not direct the 
optical axes oyes to the same point, saw^l objects 

doqb|tfj|^ut^pPSinconvenience was not lasting: the most 
fabadpi^jects gradually began to appear sin^e, add las 
tigil^as at length restored to its natural states ^ 
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- WiMt taioes place here in regard to the sight, takes pjape 
sdso in ]V3garcl to the touch ; for w})i^h two part# of bod^ 
tthich do not habitually correspond, in feeling gne and the 
same object, are employed to touch tj^e same bod^, we 
imagfl^' it to be double. This is ^ experiment. 

If oiid^of the fingers be placed over and if any 

’^all body, such as a pea for exampte^ Vd put between 
them, so as to touch the one on the right side and the other 
on the left, you would almost swear that you felt two peas. 
The explanation of this illusion depends on the same prin- 
ciples. 

. puoulkm XII. 

i't 'jf “ 

To cause an object, seen distinctly, and without the interpo^ 
tition of any opake or diaphanous body, to appear to the 
naked eye inverted. 

Construct a small machine, sucli as that represented 
6g. 17 pi. 4. It consists of two parallel ends, ab and co, 
joined togetlier by a third piece ac, half an inch in breadth, 
and an inch and a half in length. This may be easily donv^ 
by means of a slip of curd. In the middle of the end AB 
snake a round hole e, about a line and a half in diameter ; 
and in the centre of it fix the head ol a pin, or the point 
of a needle, as seen in the figure: opposite to it in the 
other end make a hole f with a large pin ; if you then 
apply your eve to e, turning the hole •• towards the light 
or the dame of a candle, you will sec the head of the pin 
greatly magnified, and in an inverted position, as repre- 
sented at G. 

The reason of this inversion is, that the hcad of the pin 
being exceedingly near the pupil of the eye, the rays 
which proceed the point f are gi^tly divergent, on 
acqounbxsf the bole f ; and instead ,,^)$^^tinct and in- 
verted image, there is painted at the of th^eye a 

kind of shadow in an upright position. 
images on tlie retina convey to the mind the i&a of up- 
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right objects : consequently, as this kind of image is tip* 
right, it must convey to the mind the idea of an invert^ 

object, -v -i 

'fW ^^^^PBOBLEM XllI, ' ' ’ . ^ 

!ro cause an the interposition of to 

disappear f^^i^^nakcfl eycy when turned towards 

For this experiment we are indebted to Mariotte: ana 
though the consequences he deduced from it have not been 
adopted, it is no less singular, and seems to prove a par- 
ticular fact ill the animal economy. 

Fix, at the height of the eye, on a dark ground, 
round piece of white paper, and a little lower^Vj^^e 
distance of 2 feet to the right, fix up another, of about 3 
inches in diameter ; thdh place yourself opposite to the 
first piece of paper, and, having shut the left eye, retire 
backwards, keeping your eye still fixed on the first object : 
when you have got to the distance of 9 or 10 feet, the se» 
cond will entirel 3 t,i^^ppcar from your sight. 

This phenomenon is accounted for by observing, that 
when the eye has got to the above distance, the image of 
the second paper falls on the place where the optic nerve 
is inserted into the eye, and that according to every ap- 
pearance this place of the retina does not possess the pro- 
perty of transmitting the impression of objects ; for while 
the nervous fibres in the rest of the retina are struck di- 
rectly on the side by the rays proceeding from the objects, 
they arc struck here altogether obliquely, which destroys 
the shock of the particle of light. 


problem XIV. 


To cause an objeetjo^ disappear to botk« §^ at once, though 
’’ ^ them ’^arpt^^^ 

. A&i to a ^M^Pilll a round piece of paper, Rn inch or 
a' little lower, at the distance of two 
fc^Rpcach side, make two marks : then place yourself 
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clirectJy>of»posite to the paper, and hold the end of your 
finger before your face m such a%aiiner, that when thd 
right eye is open, it shall conceal the mark on thp' Jeft^ af^ 
when the left eye is open, the mark oj^the rigl^|v|(you 
tl^n with both eyes to the fihger, the 

gapfel7*l?lii6h is not at all conceale^ ^^^ ftom cither of 
iir eyes, will nevertheless disappeai?^|^.J^' 

This experiment is explained in the same manner as the 
former ; for, by the means here employed, the image of 
the paper is made to fall on the insertion of the optic nerve 
of each eye, and hence the disiippearance of the object 
:>th. 

PllOBI.EM XV. 



An cptical game, 'which proves tkkt with one eye a person 
cabinet judge well of the distance of an object. 

Present to any one a ring, or place it at some distance, 
and in such a manner tliat the plane of, it shall be turned 
tow'ards the person’s face : then Wij^lSlhn shut one of his 
eycs,“and try to push through it a crooked stick, of suffici- 
ent length to reach it : he will very seldom succeed. 

The reason of this difficulty may be v asily given : it de- 
pends on the habit wc have acquired ot judging of the di- 
stances of objects by means of botii our eyes ; but when 
we use only one, \Ye judge of them veiv imperfectly. 

A person with one eye would not experience the same 
difficulty : being accustomed to make use of onlj’ one eye, 
he acquires the habit of judging of distances with great 
correctness. 


PROBLEM XVI. 

• 

‘A person born having recover ed.^^^^e of his sight ; 
if a and a cube which he has distinguish by 

the toudi are presented to him, wilti^^^^le 
view without the aid of touching, toiellwnch 
. end which is the globe f 




no 


OPTICAL PBOPBUTtE** 


This h the famous problem of Mr. Molyneux, ivhich he 
proposed to Locke, which has much exerdsed Hie in'% 
gBduitij^of metaphysicians. 

Bj^^gcse celi^rated men thought, not without reasoiH 
and iflF the opinion, that the blind He- 

quiring the sight, would not be able W distin- 

guish the cubkTl^Mnni''the globe, or at least without the 
of reasoning ; and indeed, as Mr. MoJyneux said, though 
this blind man has learned by experience in what manner 
the cube and the globe affect his sense of touching, he 
does not yet know how those objects which affect the touich 
will affect the sight; nor that the salient angl^,%^|h 
presses on his hand unequally when he feels thl^.e’ibe, 
ought to make the same impression on his eyes that it does 
on his sense of touching. He has no means therefore of 
discciuning the globe from the cube. 

The most he could do, would be to reason in the follow- 
ing manner, after qarefully examining the two bodies on 
ail sides : On whatever side 1 feel the globe,” he would 
say, “ 1 find it absolutely uniform ; all its faces in regard 
to my touch are the same ; one of these bodies, on' what- 
ever side I examine it, presents the same figure, and the 
same face ; consequently it must be the globe.'’ But is not 
this reasoning, which supposes a sort of analogy between 
the sense of touching and that of seeing, rather too learned 
for a man born blind ? It could only be expected from a 
Saunderson. But it would be improper here to enter into 
further details respecting this question, which has been 
discussed by Molyneux, l.ocke, and the greater part of the 


modern metaphysicians. 

What was observed in regard to the ^lind man, restored 
to sight by the <^^^ratcd Che5eldcn,'’|||^^since confirmed 
the justness ^^^^olutioii given by Locke Moly- 


mpH^^is man, who bad been born blind, recovered his 
aifl$t/tne impressions be experienced, immediately after 
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the ope^atioiiy'M'ert} catet'uiiy observed ; and the following 
is a.pbcMTi: account of them. 

When he begun to see, he at first imagined tl^ ot^ 
jccta^toucbed hU eyes, as those with which ac- 

^|aiM^,by feeling touched his nSPH^iirey 

and livaaffncapabie of distinguishing ol^^l&^rom another, 
bad an idea that soft and polish^^|gEi^es, which af» 
his sense of touching in an agreeable manner, ought 
affect his eyes in the same way ; and he was much sur- 
prised to find that these two things had no sort of connec- 
tion. In short, some months elapsed before he was able 
l^gg^l^inguish any form in a painting ; fur a long time it 
ai^^fed to him a surface daubed over with colours ; and 
be was greatly astouished when he at length saw his father 
in a miniature picture : be could 'not comprehend how so 
large a visage could be put into so small a space ; it ap- 
peared to him as impossible, says the author frum whom 
this account is extracted, as to put a cask of liquor into a 
pint bottle. ^ 

PROBLEM xvir. 

To construct a machine hy means of which any objects what- 
ever may be delineated in perspective^ by any person^ 
though unacquainted with the rules of that scie?ice. 

The principle of this machine consists iu making the 
point of a pencil, which continually pres-^es against a piece 
of paper, lo describe a line parallel to that described by a 
point made to pass over the outlines of the objects, the eye 
being in a fixed position, and looking through an im- 
moveable sight. 

i .,The^ne t,t,t,t (fig. 18 pi. 5), tupported in aper- 
pcndicuR^ dire^HlIP by the two piec^^^pf wood so, so, 
p^ing^tltrough the two lower corneiffi^^it^js adapted for 
receiving a slioet of paper, on which thi^OTjpets are to be 
tjacedout in perspective. The paper 
4^ kept in that position hy being cemented at tSie;iout 
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corners, be is a cross bar perpendicular to Ihefewn 'pieces 
SG, and havit% at its extremity another^ piece 
tfeye a ^ ^^o n an axis at k. The latter serves tp., support 
the^^^^dicul^ rod dc, bearing a 'moveable sight BAftq 
whi(SWe eye i^^plied. 

The piece np is inoi^ble, and its extremity^? 
is furnished wim^B slender point, terminating in a six^ 
buttiin. Near its two extremities are fixed two puiicys, 
under which pass two small cords mm : these two cords 
are conveyed over the pulleys l, fixed at the corners 
T, T of the frame, and then around two horizontal onC^ 
fi, R : by these means they fall on the other 
frame, where they are fastened to the weight 
moves in a groove, so tliat when the weight q rises or fails, 
the moveable piece of Avood np remains always in a situa- 
tion" parallel to itself. This piece of wood ought to be 
nearly itt, equilibrium with the weight, that it may be easily 
moved, when it is necessary to raise or fo lower it a little: 
in the middle of it, is fixed the pencil or crayon i. 

It may now be readily conceived that, if theey^b^ 
plied to the hole a, and if the moveable piece of wd^od up 
be moved with the hand, in such a manner as to make the 
end p pass over the outlines of a distant object, the point 
of the pencil i, will necessarily describe a line' parallel 
equal to that described by the point p j and consequently 
will trace out on the paper o,o, against which it presses, 
the image of the object in exact perspective. 

This machine was in\ented by fcjir Christopher Wren, a 
celebrated mathematician, and ilie architect who built St. 
Paul’s. But if it l)e required to trace out any object what- 
ever, according to the rul ’s of perspective, the very simple 
means de:>cnbe4in the following ];;i||fem may be em- 

p>oy^- 

^’-IpftOBLEM XVIH. 

Jkomer method, by which a person may represent anobjeia 
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m 

* ' withota my indwled^ of the principles^of 

ihe artr^'^' ^ 

This .method of representing an object in 
re^^, in the same manner as the #Fecedi™|K 
qtmint^c with the rules, of the art ; kinoW ma- 

chine employed is niuc^simpler ; buf.%^|>pose,s 'a con- 
IWerable' degree of expertness in the art ’of drawing, or at 
least' enough to be able to delineate in one small ’$ace 
what is seen in another. 

To put this method in practice, construct a frarffe of such 
a size^^ that when looking at the object from a determinate 
k hfiay be contained within that frame. Then fix 
the]ppce of the eye before the frame, and, in regard to its 
plane, in whatever manner you think proper. The best 
position for the eye, unless you intend to make a dravj^ing 
somewhat fantastical by the position of the objects, will be 
in a line perpendicular to the plane of the frafce, at a 
dhttince nearly equal to the breadth of the frame, and at 
the height of about two- thirds of that of the frame. This 
place ^st be marked hv means of a si^ht or bole, about 
two lines in diameter, made in the middle of a square or 
circular vertical plane, of about an inch or two in breadth. 
Then divide the field of the frame into squ.ires of an inch 
or two ill size, b}^ means of threads extended from the 
sides, and crossing each other at right angles. 

' Then ])rovide a piece of paper, and divide it, by lines 
drawn with a black lead pencil, into the same number of 
Squares as the frame. When these preparations have been 
fiftiide, nothing is ncce.s.sary but to apply your eye to the 
sight above mentioned, and to draw in each square of the 
paper tjiat part object observed in the correspond- 
ing square of theilSmc. By these me£^JKou will obtain 
ad exact ^presentation of the object iil>|^|^ective ; for 
it is evident that it will be delineated 4uch^{iit app^rs to 
the eye, and perfectly similar to the figure whichSoOld 
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remain on an^ transparent substance ext^iu^ bn 

if the i%s;'^j^ceding from each po&t of the pt^ 
place of sigiit, should leave jtracea 
on J^^pA»stanc& The object, or assemblage of 
will W^efore J^^presented in j>erspective wi^ grea,t; 
accur^y. ^ 

B^mark. — Tnfe same means may be employed to d|^ 
monstrate, in a sensible manner, without the least know- 
ledge of geometry, the truth of the greater part of the 
rules of perspective; for if a straight line be placed be- 
hind the frame, in a direction perpendicular to its planOj^ 
you will see its image pass through the point of^si^ 
through that point of the plane of the frami which i 
sponds to the perpendicular let fall from the eye on that 
pla||e. If the line be placed horizontally, and if you caiiK 
it to make an angle of 45 degrees with the plane of the 
picture, ^you will see the image of it pass through one of 
those points called the points of distance. If this line be 
placed in any direction whatever, you will see its image 
concur with one of the accidental points. It i^l^'tbese 
three rules that the whole of perspective almost consists. 


PROBLEM XIX. 

Of the apparent magnitude of the heavenly 'bodies on the 

horizon. 

It is a well known phenomenon that the moon and sur^ 
when near the horizoii, appear much larger tluin when 
they are at a mean altitude, or near the zenith. This 
phenomenon has been ihe subject of much research to 
philosophers ; and some of them have given very bad ex* 
planations of ^ 

Those indeei^tio reason superiiciSI^, asqribe it to o 
very ^ple yiz, refraction; for if we^look ob- 
liqu «| l i |^ sav tqey^, piece immersed in water, ijt 

api^jpAlo be sensi^ inagnified. But every body knowl 
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th^t the rays, which proceed from the^leslial bodies, 
perience ^|tfraction when they ente|||^j|^tfnospbere^of 


the earth. ' The sun and moon are'»ieh Tike tjtM eiWh 
iiniQei;.seil in water. .. 

\But, those who reason in this manner.^ notrSE||^1iat^ 
if a cil^n piece immi^d in a den^'^l^ium ^pears 
ipagniBed to tile eye Inuatccl in a ^medium, the 
contrary ought to be the case when the eye is situated in 
a dense medium, while the crown piece is immersed in a 
rarer. A fish would^see the crown piece out of tlie water 
much smaller than if it w'ere in the water. But wa are 
placed in.the dense medium of the atmosphere, while the 
m^Sl^^'and sui^. arc in a rarer. Instead tliercfore of ap» 
pearihg larger, they ought to appear smaller; and this 
indeed is the case, as is proved by the instruments em- 
ployed tO^measure the apparent magnitude of the cclditial 
bodies: these instruments show that the pcrp^dicular 
diameter of the sun and moon, when pn the horizon, is 
shortened about two minutes, which gives them that oval 
form, nretty apparent, under which they often appear. 

Thl| cause of this phenomenon must tlii'refore he sought 
for in a mere optical illusion; and in our opinion the 
following explanation is the most probable. 

. When an 9 bject paints on the retina an image of a deter- 
minate size, the object appears to us larger, according as 
we judge it to be at a grt*ater distanc *; and this is the 
con'se^jhence of a tacit reasoning pretty just ; for an object 
which, at the distance of 600 feet, is painted in the eye 
under the diameter of a line, must be miicli larger than that 
which is painted under the same diameter, though only at 
the distance of 60 feet. But when the sun and moon arc 


on the horizon, a ^Ititude of interven^ngf objects give ua 
an idea ol gieat distance ; whereas wb^^they are near 
the zehith, as no object intervenes, to be 'nearer 

ik, ' In the former situation then tlf^^uSt excite ai^ ^ea 
dfhla||tiitude,quite different from what they do in th^ tatter. 



176 Aj^ABENT MAONITUPE. 

^We must howi^r CQuIess that this expl^iutioB Is ,Bt<» 
tended \vitbi S(pAC #fficulties. . 

When we Iook at the moon on the horizon through 
a tul^ M ^through the hngcrs bent |pto the tbroi^f onoy* 
the sfilPof it angtears to be much diminished, chough the 
nnger|^oncesy['{m intervening in a very idi^crrect 

manner. 2cl, often see the^lion risf% behind a hi4 
at a small distance, and on such occasions she appears to 
be exceedingly large. 

These facts, winch seem to overturn the explanation 
before given, have induced other philosophers to en- 
deavour to find out a different one. The follow^^ P«^hat 
of Dr. Smith, a celebrated writer on optici^, 

The celestial arch does not exhibit to us the appearance 
of a hemisphere, but that of a very oblate surface, the 
election of which towards the zenith &much than its 
extensiem^owards the horizon. The sun and moon also 
appear mder the same angle, whether at the horizon or 
niear the zenith. But the intersection of a determinate 
angle, at a mean distance from the summit, is le|sjhan at 
a greater. The projection therefore of tlie sun anKl^Jlpdon, 
or their perspective image on the celestial arch, is less at 
% great distance from the horizon than in the neighbour- 
^od of it.^,^,Consequent]y, when at a dist^j^ce from t|ie 
horizon they must appear less than when they are ncat*it. 

This explanation of the phenomenon is very specious. 
But may it not here be asked, why these two images, 
though seen under the same angle, appear one greater 
than the other ? Are we not still obliged to have recourse 
to the fori|j^ explanation),^' Hut for the sake of brevity 
we shall leave the discussion of these two questions to the 
reader. 

It k^!][iciea^^at it is fully demonsTrated th|it this ap- 
parjs^p1iiagnil|^n^|s not produced by a larger image 
p^uj^ji^on the rd^^j^jiln regard to the moon, ic is even 
smewhai lessj sin^tRkt luminary, when on the horizon, 
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i* farther, qs, by about a semi-diameter of thfe eardi, 
or a 60tk than 'when she is Ter)|jShiclt%IfratGd 
the horiEOi^* In short, this phenomenon is ft 

optical '^Kusion, wha^ver ma}^ be the cause, still 

very o^ure, but in our pinion it seemtt^.depcncffiniefly 


on the Idea of fi^reat d^nmcc excite 
objects. 

PROBLEM XX. 


ncc excited by .^^ intervening 


On the converging’i^pearance of parallel rows of trees* 

The phenomenon which is the subject of tliis problehi, 
is well Jenown. Every person must have observed, that 
when' at the eSttremity of a very long walk, pl*intcd on 
each side with trees, the sides instead of appearing parallel 
as they really are, s^pm to converge towards the other end. 
The case'll the same with the ceiling of a long gallery; 
and indeed when it is necessary to represent the^ objects 
in perspective, the sides of the Avalk or ceiling must be 
represented by converging lines; for they arc really so 
in thc.f^«]l image or picture painted .it the bottom of the 
eye, ^ ^ 

Other considerations however are necessary, in order to 
give a complete explanation of the plicnomci\ou ; for 
tliQ-apparent ipnagiiitude of objects is not incastircd by the 
real nugnitude of the images paintcil in the eye, but is 
always the result of the judgment formed of their distance 
by the mind, combined with the magiiitime of the image 
present in the eye, the sides a w'alk are far from appear- 
ing to converge tvith so mucU,rapidity, as the juie^wliich 
form the image of them in tlie^crspcctivc plaiifW, or in the 
eye. iyi.».,15ouguer first gave a compie>,G,^ explanation of 
what t^i^" place o#this occasion : it is' a®' follows : 

As the ceiling of a long gallery app^sU^a^ eye, placed 
at one extremity of it, to become iBasc is the 

same with a long level walk, the sid^s ^j^^hlch arc pa'^allef ; 
the plane of that walk, instead of ^pcaring horizontal, 

VOL. II. N 
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90^8 Still to rise. For tlie same reason, as on the 
^Nliore, the watei^^ttppears like an inclineo^wie which 
tlmaj^ns the earth with an inundation. Some s^erstid^ 
ous little acquainted with tfte principle?of ip^i^ 

IdsophJ^, have considered this 

apparent susp^hipn of tlic wj^^/'as a ^sible and con-* 
tinuod miracle. In like manner, m the rmddle of an im- 
mense plain we see it rise around us, as if we were at the 
bottom of a very broad and shallow funnel. M. Bouguer 
has taught us a very ingenious methort of determining this 
apparent inclination; but it will bcf'sufficient here to say 
that, to most men, it is about 2 or '? degrees. A 
I.et us then suppose two horizontal anS'^paralld’^^es, 
and an incfiried plane of 2 or 3 degrees passing below our 
feet: it is evident that these two ho£|Bontal li^s will ap- 
pear to our eye as if projected on that inclined plane. ‘ 
But th^'projcction on that plane will be two lines con- 
curring in one point, viz, that where the horizontal drawn 
fltom the eye would meet it. We must therefore these 
lines as convergent. A 

It tlicncc follows, that if, by any illusion pecuTikf^ifo the 
sight, the plane where the parallel lines are situated, iii- 
jH^ad of appearing inclined upwards, should appear de- 
clined downwards, the sides of the walk -^Wouid appear 
divergent. This Dr. Sniirli, in liis Treatise of Optics, 
says, IS the case with the avenue at the scat of Mr. North, 
in the county of Norfolk. Bui it is to be wished that Dr. 
Smith had described, in a mor^, minute manner, the position 
of tlie pla|||i« , 

Hower^; we sliall solve^ccording to these principles 
another Luriou|^robleii , which has been much Qfslebrated 
among optician?; 

PRoni.EM xxr. 

In what manh^ proceed to trace out tin aueme, 

* M sides of whm^^d^n seen Jroni one of its extremities^ 
shall appear parallji^f 





" Suppcx^An inclined plane of ^wo degrees md a lialfj 
and that'Sro^arallel lines are traced^t oft i^ 
eye> -stij^ose two planes passing through these ai^ 
which t^ng continulll'd cut the horizontal plaJliD^^'two 
other tines; these two^i^s will be aol|tergen^,^hd if 
continued bacl^ards behind tli^'^ap^ctator. 

Nothing thewis necesrary but to find this point of con- 
currence, which is very easy; for any one, in the least ac- 
quainted ivith geomtjtry, must peiceive that it is thu*poiiit 
where a line drawn itlfough the eye, parallel to the above 
inclined plane, and in the direction of the niiddic of the 
avenue, cheets with the horizontal plane. Let a line then 
inclined to thPh'' horizon two or three degrees, be drawn 
through the eye of the spectator, and ui the vortical plane 
passing through the tmcidle of the avenue; the point 
where it rtieets the horizontal plane will he that where the 
two skies of the avenue must iiniie. If from tlSis point 
therefore, two straiglit lincjs he drawn through the two ex- 
tremities of the initial breadth of the avenue, they >5(141 
trace.' here all the trees ought to he [danted, so as to 
appear to form parallel sides. 

If the height of the eye be siippo-i J equal to 5 feet, 
and the breadth of the cominencemeiit of the avenue ^ 
be/ 36, the point of coneunenee will l>e loan'd by calcu- 
lation to be 102 liackwards, and tlic angle formed by tlie 
sides of the avenue ought to he about -S degrees. It is 
difficult however to believe, that lines \vlji»..h form so sensi- 
ble an angle will ever appt^r paiallel to an eye within 


them, in whatever point it may be placed. 


PIIOHLEM \-Xll. 


ToJor,i§, piL-fiire which, accoriitng to the it&le on which it is 
viewed, shtiil exhibit two different subjects. 

Provide a sufficient number of siwH^qCfilatCral prisms, 
a few lines only in breadth, and^nNlIngth equal to the 
height of the painting which you to make, and place 
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thtem all close to e^i other on the ground tA||f|OC!efU|^ed 
painting. 

^iten cut the painting into bands equal to ea^of .-tbe 
prisms, and cement tlicni^^Hn order,'to w 
of the same sidS * .s' » *j,': 

Wiien thiij ia^done, take a pal^^g different frodi 
the former, and having divided if into b^nds in the same 
thanner, cement them to the faces of the opposite side. ' 
It is hence evident, that when on pne side you can see 
only the faces of the prism turned towards that side, one 
of the paintings will he secti; undiFthe picture be looked 
at on the opposite side, the first will disappeaf j attd the 
second only will be seen. ' >■ 

A painting may even be made, which v hen seen in front, 
and on the two sides, shall exhibit three different subjects. 
For this purpose, the picture of the ground must be cut 
into baii1||if6, and bo cemented to that ground in such a 
manner, that a space shall be left between them, equal to 
flib thickness of a very fine card. On these inter^ls raise, 
in a direction perpendicular to the ground, bandja^’of the 
same card, nearly equal in height to the interval KetweCn 
them ; and on the right faces of these pieces of card cement 
the parts of a second painting, cut also into bands. In 
the last plabe, cement the parts of a third picture, co(t in 
the same manner, on the left faces of the pieces of card. It 
is evident that when this picture is viewed in front, at a 
certain distance, the 1‘ottom painting only will be seen ; 
but if you stand on 0 T*e side, in such a manner that the 
height of the slips of card conceals from you the bottom, 
you will sfe only the picturC'cemented in detached portions 
to the faces turjSfed towards tliat side: if you move to tljc 
other sid^ a third painting will be seeft. 

.^^PBLEM XXIII. , 

To d^kribe on a pfdne k distorted figure^ which when sitm 
from a determnatit^nt shall appear in its Jusf propor- 
tions. 
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example as a iiesu^ may he disgaist^l^ 
t}iat is td^f^istjrted, in such a mainier, as to exhil^.^ 
propoi^n, IV hen the plane on which it has beei^jdf^vil^s 
^yifiwe^n? front; but* when viewed from a 
shall appea^bcautirii], is to say in its^j^st proj^rtion9» 
This may be (k^ in ll^pfollowing mann^: 

• Having dra^ on a piece of paper, in its just propor* 
tions, the figure you intend to disguise, describe a square 
around it, as abcd (fig. pi. 5), and divide it into several 
other small squaresV'vhicli may be done by dividing the 
indes into equal part^ for exampl^&cveu,^nd then draw* 
ing ;^sjbraight lines through the corresponding points of 
divhrion, as tlie engraver!? do when tliey intend to make a 
reduced drawing from a picture. 

Then ^scribe, .at pleasure, on the proposed plane,. a 
paraiielo^am ebfg, and divide one of the two shorter 
sides, as eg, into as uuiny equal parts as of the 

sides ol the square abcj>, winch in this case are seven. 
Divide^,^)e other side bf, into two equal parts, in the pj^t 
H, ai^draw from it to the points of division of the opposite 
side.ao^ as man}' straight lines, the two last of w'hich will 
be HE and iig. 

Having then assumed at pleasure, in the side bf, ^ 
point r, above the point ii, as the height of the eye above 
the plane of the picture, draw from r to the point e, the 
straight hue ei, which wull cut those lirv .< proceeding from 
the point H, m the points 1, 2, 'i, 4, 6‘, 7. Through 

these points of intersection draw straiglit lines parallel to 
each other, and to the base eg ot the triangle egii, which 
will thus be divided into as thany trapeziums as there are 
little scares in the square abcd. Kv iicc, if the figure in 
the siHb'C a bob be transferred to tlie' triangle egh, by 
making those parts of the outline contaijj^ in the dilTerent 
natural squares of abcd, to pass |||^ugh 'the correspond- 
ing trapeziums or perspective the figure will be 

found tp be distorted. But it maj^Jbe exactly like its 
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prototype, that is, as in the square t^bcd, 

‘1 '■ a hole K, which ought to be sm^l toTOws^he ©^6 


3e towards the object, madq^|n a small J^rd 
Jfi^rpendicularly in h, so th.*^ the height lK shiH 
equal to Hr,, which must nev,^be verj/ grsjpftt, in ordet 
that tile figure^uy be more dii^^^d picture. 

Ill the convent of the Mitiimes (fe la Place Royale thei« 
is a Magdalen at prayers, distorted in the same manner, 
■which has some celebrity. It is the wqrjh of Father Niceroh 
of that order, who frequently employed himself on this 
kind of optical amusement. ^ 

Several other anamorphoses may be tnadp iH' the ,$amb 
manner, by painting, for example, on a dirved surface, 
either cyliiidnc, or conical, or spherical, a certain figure, 
■which Avlicn seen from a determinate, point shtall appear 
regular; but as this docs not succeed so well in practice as 
in thcortl^ve think it«nccdless to say any thing further on 
the subject, while' there are so many others much more 
cSSous, Those persons who are fond of sucWj^optical 
curiosities, may consult la Perspective Ciirieuse 0^^ii|j^hcr 
Niceron, where they will find the subject treated or at full 
length. 


rnouLEM xxiv. 

Any quadrilateral figure being given ; to find the different 
paralldogravis or rectangles of which it may be the perspec- 
'"tive representation. Or any parallelogram^ whether right- 
angled or notf being i, tven, to find its position, and that of 
the eye, which shall couu’ its perspective representation to 
he a giveid' quadrilateral. 

Let the givcm^adrilateral be the trapezium (hg. 
2QpU6) which we shall suppose the most irregulilf possi- 
bly having none .of its sides parallel. Continue the sides 
and Cl), till they^|s^|in f, and the sides ^ and bc, till 
they meet in e ; then draw ef, and through the point a, 
draw oil, parallel to it,*- Whatever be the position of the 
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is called the poinkof sight be in tbe 
line in ef, but in the continuation of it 

both s ^ s.; the object, of which the quadrilateral ABl^fls 
p^pective repl^entation, will be a parallelq^in. 

For, ail persons, acquainted with the roles of^^'sp^ 
tive, know^^th^jjhnes pl^lel to each other on a horizontal 
plane, when ^rcsent^in perspective rt#et in one point 
of the line parallel to the horizon, drawn througii the point 
of si^ht. ^ Thus, all the lines, perpendicular to the ground 
Une, meet in the pdhit of sight itself: all those which form 
with that line an ang^^e of 45°, concur in wdiat is called the 
points C|£ ^stance; and those which form a greater or less 
angte/concur in other points, which are always determined- 
by drawing from the eye to the picture a line parallel to 
those of which the perspective representation is required. 
All the lines then,"Vliich in the picture concur in points 
situated in the line of the point of sight, ar&. ipiages of 
horizontal and parallel lines. Thus, the lines rid lhe hori- 
zontal plane, which have as representatives in the picj^ui'e 
the li^^ BC and ad, are parallel; and the case is the ^ttie 
with those which give the lineal images ab and DC. But 
two pairs of parallel lines necessarily f.irrn, by their inter- 
section, a parullelograni. The obji ^ t then of which tbe 
quadrilateral abcd is the image, to an eye situated in the 
line FK, wherever tbe point of sight may be, is a paral- 
Iplograin. 

, This being demonstrated, we shall hr^t sup))03c that tbe 
required object is a rectangle. To tin ! in this case the 
plapeofithc eye, divide the distance n: into two equal 
parts in I, and sujipose the eye situated lu such a manner 
that the perpendicular, drawn from its place to the paint- 
ing, 'i|i9ll fall on tlie point i; and that the distance is 
equal to if. or if : the points F and i will then be what, 
in the language of perspective, i» cal^ the points of 
di^ance. Continue the lines cd to o and n in 
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th^ ground line: th^ lines hcf and abf will 1^ 

0 ^ tbe lines which form with the ground line’wiflibS of 45 
d^ecs. The case will be the same with those q£ whidh 
GCE a)^ ADE are the images. If thef indefinite liros ndc ' 
and A^/^nciined to the ground line at an angU of 45 de- 
grees, be then di^awn on the on^ide, the other, 

and in a contrary direction, the lihOs Ad, inclined 

also at half a right angle, these lines will necessarily meet 
at right angles, and form the rectangle kbed. 

If the point of sight be supposed in' another point, for 
example e, that is, if we suppose tbfe eye to be directly 
opposite to the point e, and at a distance eqtfah to Eic, 
after drawing el and fm perpendicular to the ground 
line in the plane of the picture, we must draw to the same 
ground line, in the horizontal plane, the perpendicular 
LN, equal to ek, and then the line nm, making with the 
ground 1^ the angle lmn. If we then draw to the points 
ft and A ftie indefinite perpendiculars a A and gk, and 
thre^ugh the points a and h the indefinite lines he ^d a/3, 
mttltmg with the ground line angles equal to in 

a contrary direction; these two pairs of lines wmII meet in 
py K, A, and evidently form an oblique parallelogram, wdiich 
will be the object of which bcda is the representation, to 
an eye situated opposite to e, and at a distance from the 
picture equal to ek. 

If the sides a 5 and cdy in the rectangle Abed, Were 
divided into equal parts by lines parallel to the other sides, 
it is evident that these parallels, being continued, would 
cut the line ag into as many equal parts. The caSe would 
be the same with lines parallel to a 6 and cd dividing into 
equal portions, the sides \d and be: the line ah would 
likewise be divided by tliem into equal parts. Thus we 
have tbe means of dividing the trapezium abcd, if neces- 
sary, into lozenges, which would be the repr^ntation of 
the squares into wbiim ntight be dividedt^ 



VLAMS 


m 


hereaft^ the soludo^of a T€ry«ixriQ&i^ 
P/ebiei|i^i^pbgard to ornamental gfaxdenin^i which ^ 4 
oiipseqim^ of the one here salved. 



OF PLANE MIRRORS. 


Plane the reflecting Ibrface of which^ 

\Sf plane ; as is^re case Hvtth the common glass mirrors used 
for decorating apartments. Plane mirrors may he made 
also of metal. Of this kind were those of the ancients ^ 
but since the invention of glass, metallic mirrors are never 
used, except small qpes for certain optical instruments, 
where it^^ necessary to avoid the double reflection pro-» 
duced by glass, one from the anterior and tlie other from 
the posterior surface. It is the latter which gives the live- 
liest image ; for if the silvering be scraped from the beck 
of a mirror, you ivilt sec the bright image immediately dis- 
appear, almost entirely, and that which runiaj,ps in its 
place will scarcely be e<[ual to that produced by the nearer 

catoptrics, in general, the two surfaces 
mirror 'are supposed to be at such a small distance from 
each other, as to produce only one image; otherwise the 
determinations given hy this science would require to be 
greatly modified. 


surface^ 

Bufcjfn 


PROBLEM XXV. 

A point of the object u, and the place of the eye Ky-heing 
given ; to find the point of rejlection on the surface of a 
pLane mirror, (fig. 2 1 pi. 6). 

' Through b, the given point of the object, and a, the 
place of the eye, conceive a plane perpendicular to the 
mirroi^ i^nd cutting it in the line cd: from the point b, 
draw BO perpendicular to co, and continue it to f, so that 
liiF and bb shall be equal ; if through the points F and a, 
the line af be drawn, interacting th) in e, the point fi' 
will be the point of reflection : br will be the incident 
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lay; ba the reflected ray; and^'fiSD, the of incir 
dence, and aec, the angle of reflectiun, will 

For it is evident, by the construction, that the, a^ogk^ 
BED <1^ DEF are equal ; but the angles oef and,/l^EGare 
also eqaai, being vertical angles ; therefore 


PROBLEM XXVI. 


TAe same supposition being made as before i to find the place 
of the image of the point b. 

The place of the image of the point b is exac tly in the 
point F. But wc shall not assign as tiie reason what is 
commonly given in books on catoptric^, viz, that in mirrors 
of every kind the pLce of the image is m the continuation 
of the reflected ray, where it is intersected l)y the perpen- 
dicular drawn from the fioint of the oliject to the reflecting 
surface: for what cflcct can this perpendicular, which is 
merely il^aginary, have to fix the image, in this manner, 
in the point where it meets with the reflected ray con- 
tiiAed, rather than in any other point ? This p^^ciple 
then is ridiculous, and void of foundation. 

It is hoM’ever true that, in plane mirrors, the place where 
the object is perceived, is in ilie point where the above 
perpendicular meets with the reflected ray produced; but 
this is accidental, and the reason is as follows. 

AH the rays which emanate from the object B, and are 
reflected by the mirror, meet, if produced, in the point f : 
their arrangement then, in legard to the eye; is the same 
as if they proceeded from the point f. Consequently 
they must make the same imprc<^sion on the eye, as if the 
object w'ere in f; for the eye would not be otherwise 
affected if they really proceeded from that point. 

Hence it may be concluded that, in a plane mirror, the 
bhject appears to be as far bcliind, as it is disfaht frpm the 
mirror. ^ . 

It therefore follows^ that at, the distance of the linage 
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If equal fe the sum or^fi, the fajr 6f 

dence^'m^lR the ray of reflection, since si and ep 

It tmance follows ‘‘also, that when the plane tS^cr b 
parallel to j^e horizon, as cn, a perpendicular obj^t, siich 
as BD, must a^ysar inv:^tcd. 

In the last f^ce, when \vc look at ourselves in a mirror, 
the left seems to be on the right, and the right on the leflfc. 

I'ttOBLKM XXVII. 

Several plane mit'rora.bcin^ given, and the place of the eye, 
and of the object ; to find the course of the ray proceed'd^ 
from the object to the eye, when reflected two, three, OT 
Jour times. 

Let there l)e two mirrors, ab and cn, (lig. 22 pi. 6), and 
let OFE bo the jicrptMulicular, drawn from the object o to 
the mirror ab, and continucrl beyond it, so th||t fe be 
equal to of; and let siii be the perpendicular drawn from 
the ey^,to the mirror cn, and continued till in be equ^to 
IIS join tlic points i and e by the line ei, which will 
intersect the mirrors in <; and k; and if the lines og, gk, 
and KS be then drawn, they will irprcseiit the course of 
the ray, proceeding from the point o to the eye by two 
reflections. 

Or, from the point e, the first j).irt of tlic construction 
remaining the same, let fall, on the uvnor cn, the perpen- 
dicular ELM, and continue it beyond ir, till lm be equal to 
LE ; draw the line sm, intersecting cd in k; and from the 
point K, the line ke, intersecting ab in g : if go be also 
drawn, the lines og, gk, and ks will represent the course 
of the ray proceeding from the point o, and conveyed to 
tbe.eyo by two reflections. ^ 

rb this case, the point m will be the imago of the point 
o, and the distance sm will be cqu^fto tlie sum of the rays 
|SK, KG, and GO. ' 

If we suppose three mirrors, and three reflections, the 



m 




course vbich the incident ray i^isi purstw^m onder te 
reech the eye, may be found in the same • For 

this purpose, let oi (fig. as pi. 7) be the perpendiciilatf 
drawn the object to the mirleor ab, and hi ' he 
equal tO HO. From the point i draw ita perpendicular to 
CB, produced if necessary, and .eiakc l ig hs equal to Mlf 
from the point k let fall on dc produced t^perpendi^ular 
KN, and continue it to l, so that ln shall be equal to KN : 
draw SL, which will intersect cd in g, and from tfre point 
6 the line gk, which will intersect cb in r; if thedine Ft, 
intersecting ab in e, be then drawn from the point s, and 
aho the line eo, then the line eo will be thatacemding to 
which the incident ray must fall on the first mirror, to 
reach to the eye s, after three reflections at e, f, and G. 

In this case the point l will be the apparent place of 
the image of the object, to an eye situated in s; and the 
distance ai will be equal to sg, gf, fe, and eo, taken all 
together. 

The application of this problem is generally shown at 
the game of billiards; but as we have already treated that 
subject, under the head niechanics, the reader is referred 
to that article. 

IMIOBLEM XXVIII. 

Farious properties of plane mirrors, 

I. In plane mirrors, the image is always equal and similar 
to the object. For it may he easily demonstrated, that as 
each point of the image vseenis to be as far within the mirror 
as the object is distant from ’t, each point of the image is, 
similarly situated, and at an (U]nal distance in regard to all 
the rest, as in the object; the result must therefore necei^ 
sarily be the equality and siiiiiiarity of the image and 

II. In a plane mirror, what is on the* right appears itt' 
the object to be on the left, and vice versa.^ 'This may ^),e 
easily proved in the following manner. If a piece, 
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coauBon writing be brid^fore a tnirror, it cannot be reade 
aa Ae w&d general, for example, will appear under 
ibb ionn, LAKENEG^; but, on the other hand, if the 
ktter be presetfted to the mirror gene^l will 

appear* ^ht$ affords the means of forming a sort ^ secret 
writing; for ^ive write from right to left, it caniiot^be 
read jby those ignorant of the artifice ; but those acquaint^ 
ed with it by holding the writing before a mirror, will see 
it< appeir like common writing. This method however 
must be employed for concealing secrets of great im* 
portan(%, as there are few persons to whom it is not known* 

III. In a plane mirror, when you can see yourself at 
full length, at w'hatevcr distance you remove from it, you 
will always see your whole body; and the height of the 
mirror occupied by your image will always be equal to the 
half of your height. 

IV* If one of tlie sun’s rays be made to fall on a plane 
mirror, and if an angular motion be given to the mirror, 
the ray will be seen to move with a double angular motion; 
so that when the mirror has passed ov(T 90®, the ray will 
have passed over 180°. 

V. If a plane mirror be inclined to a horizontal surface^ 
at an angle of 45’’, its image wdll i)e vertical. 

VI. If two plane mirrors be disposed parallel to each 
other; and if any object, such as a lighted taper, be placed 
between them ; you will see in each long series of tapers^ 
which would be extended in iidimtuin, did not eacli image 
become fainte'* in proportion as the icilections, by which 
they are produced, become more numcTOiis. 

VII. When two mirrors arc disposed in siicli a manner 
as to form an angle of at least 120 ”, several images will be 

* This iS A mistake; the letters individually will be inverted as well At 
the word, cind instead of LARENEG it will be JAlSOlfSO, as maybe 
piw^ by trial: .to use ibis artifice therefore for secict wilting it would be 
oteessary to mvart the shape of eaJh letter as well as ils positioo in the 
iwrd. ^ • 
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seen, according to the position c^he eye. if the»angle of 
the mirrors be diminished, without changing tWi -place of 
the eycj these images will be seen to increase in number^ 
as if tbi^ emerged from behind an dpake body. 

It must be observed, that all these images are in the 
cumference of a circle, described from th^|pifft whetiii tJiO 
mirrors meet, and passing through the place 

Father Zacharias Traber, a Jesuit, in Ins Ner 
and Father Tacquet, in his Optics, have carcfpiy ex- 
amined all the cases resulting from the di^TcfSlii&^gles 
of these mirrors, as well as from the didertefft posrmms of 
the C 3 'e and the object. To these wc refer the reader. - - 

VIIJ. When a luminous object, such as the Hamc of a 
taper, is viewed in a plane glass mirror of some thickness,' 
several images of that object are perceived ; the first of 
which, or that nearest the surface of the glass, is less* 
brilliant than the second ; the latter is the most brilliant of 
the whole ; and after it, a series of images less and lesb 
brilliant are observed, to tlie number sometimes of five or 
six. 

The first of these images is produced bv the anterior 
surface of the glass, and the seco>ul by the posterior, which 
being covered with tin-foii, must prod nee a more lively 
reflection: it is therefore the most brilliant of the whole. 
The rest arc produced by the rays of the object, which 
reach the after being several limes reflected from the 
anterior, as Avell as posterni, side of the mirror. This 
phenomenon may be explained as follows. 

Let vx (fig, 24 pi. 1) be the thickness of the glass, a the 
object, and o the place of the eye, which we shall suppose 
to be both equally distant i\ nii the mirror. Of all the 
small bundles of incident rays, there is one ab, which 
being refldSeted by the anterior snrmce in b, is conveyed 
to the eye by the line no, and forms^ at a' thg first image 
of tb^ object. Another, as ac, penetrates me glass, add 
being refracted into the hue cd, is wholly reflected idto? 
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DE^ on account of the o^city of the posterior side of 
mirror, adlil’being again refracted at £ proceeds to o, and 
forms at a" the liveliest image of the point a. 

Anothej|t small bundle af penetrates also the gJi^ isre- 
fraeted ^ng the line fo, and reflected in the dtr^ion of 
Irom w^hic|pa part of it issues, but cannot reach the 
Oyfe^^the^Qther part is reflected in the direction bh, and 
tben4n|o'^^) from which a small part is still reflectedf but 
the rei^ndcr issues from the glass and is refracted in the 
directi^(^the line lo, by which it reaches the eye: con* 
sequent!^ it pi^uces the third image, at a"', weaker than 
the other two. 

The fourth image is formed by a bundle of incident 
rays, which experience two refractions like the rest, and 
five reflections, viz, three from the posterior surface of the 
glass, and two from the anterior. In regard to the fifth, it 
requires two refractions, and seven reflections, viz, three 
from the anterior sui face, and four from the posterior ; 
and so of the rest. It iimy hence be easily conceived how 
much the brightness of the uiiage>» must be diminished, 
and therefore it is very iincominon to see more than four 
or five. 

FllOBLCM XXTX, ’ 

To dispose sevei'al mirrors in such a manner, that you can 
see yourself in each of them, the same time. 

It may be readily conceived that, to produce this effect, 
nothing is necessary but to dispose the mirrors on the cir- 
cumference of a circle, in such a manner, that they shall 
correspond with the chords of rtiat circle; if you then 
place yourself in the centre, you will sec 3 mur image in 
all tlie mirrors at the ^mc t me. 

■ Remark. — If these mirrors are disposed according to 
the sides of a regular polygon, of an equal number of 
skies, such a§ a hexagon or oevnron, which seem to be 
fittest for the purpose, and if all the mirrors ai*e perfectly 
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pUn^i tbejt wi)l fortul^a kind of ^binet, which 
appear of au immense <^xten^ and hi'wliataver'part 
of it you place yourself, you will see your image, and 
iimnen^ly. multiplied. ^ ^ 

If this cabinet be illuminated in the inside, a liisUe 
placed in its centre, it will exhibit a ver^greeable 
taclc, as you will see long rows of lights Wwar^s w.b|teyllr 
side your sight is directed. ” 

' -tip*' ’ 

PROBLKM XXX. . , 

• ' 

To measure, by means of rejkclion, a the 

bottom of which is inaccessibtb!’ - 

We shall here suppose that am (fig. 25 pi. 7) the vertical 
height to be measured^ is that of a tower, steeple, or such 
like. Place a mirror at c, in a direction perfectly hori- 
zontal ; or, because this is very difficult, and as the least 
aberration might produce a great cnor in the measure* 
ment, place in o a vessel containing water, which will re- 
flect the light in the same manner as a mirror. The eye 
which receives the reflected ray being at o, measure with 
care the height on above the horizontal plane of the mirror 
at c; measure also dc as Avell as cn, if the latter is ac- 
cessible, and fhen say: As cn, is to DO^^^glvj.is CB to a 
fourth proportional ba, winch wdll be tlie ^Sj^p^uired. 

But if the bottom of the tower be not acce^^le, to 
measure the height ab, avc must proceed as follows; 

Having performed every part of the preceding opera- 
tion, except measuring cn, which by the supposition is 
impossible, take another station, as c, and place tliere a 
mirror, or vessel of water : then taking your station in d, 
from which you can .see the point A, by means of the re- 
flected ray co, measure cd and do. When this is done, 
you must employ the following pr^ortion: As the dif&r- 
' enccLbet^een cn and cd is to cp, so is cc, the distance be- 
tvi^eeo the two points oi reflection, to a fourth|ir(^ortioiiaI, 
will be the distance bc, before unknown. ^ . 



When ' 

use of the |»rh|kirtfde ^lioa^d in the fTt^t fo giV^i 
the height ab;" ^ ^ 


We d(^^ot consider this operation as suse^t^te of 
in practice. Methods purely geometrical, 
instranyjlts are employed, ought always to‘ be 
V hut w should perhaps havf been considered 

as" go^ty bjiHh omission had we taken no notice of this 
geomeU^^batoptric speculation, though it has never per- 
haps bei^^j^pt i^p practice. 

' ‘ PROBLEM XXXI. 


To measure an inac^ssihle Height by means of its shadow. 

Fix a stick in a perpendicular direction, on a plane 
perfectly horizontal, and measure the height of it kbnve 
that plane, which we shall suppose to be exactly 6 feeU 
When the miu begins to sink towards the horizon it}<the\ 
afternoon, mark on the ground which is accessible the 
point c (Hg. 26 pi. 8), where the shadow of the summit of 
the tower fails, and also the point c the extremity of the 
shadow of the stick erected perpendicularly on the saniB 
plane: at tlie end of 2 hours, more or Jess, mark, as' 
speedily as poj»^Jc, the two points i> and d, 'which will be 
the sum^ta^jm shadows at that period ; then join the 
two pofS^Fdrfhe shadow of the suriimii of the tower, by 
means of a straight line, and measure their distance} mea* ’ 
sure also, in like manner, the line which joins t6e two 
points c and d of the shadow of the stick ; after which you 
will have nothing to do but to employ the following pro- 
portion : As the length of the line cd which joins the two 
pointo of the shadow of the stick, to the height of the 
stick 4^, so is the length of the line cd which joins the two 
poinU;^^f^ the shadow of the tower, to the height of tlib 
tow^ AB. , 

It Jceqiuir^ oMy an acquaintance with the first principles 
of geometiry to be able to perceive, merely by inspecting fig* 
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S6, that, the pyramids ^aoc and, dxii/c are iiimUar; coiise* 
quently that cd is to ad as cd to^B, which ia the height 
required. " 


PROBLEM XXJCtl. 




Of some tricks or kinds of illusiony which may be perfopned 
by means of plane mirroj^ \ 

Many curious t^hks, capable of aslonishii||[ thos^'^o 
have no idea of catoptrics, may be performed by;4?li#coin- 
bination of.scveral plane mirrors. Some of these we sh^)' 
here describe. 




1st. To fire a pistol over ytmir ^shmdder and hit a mark^ 
with as much certainty as if you tookfiim at it in the usual 
manner. Fig. 27 pi. 8. 


To perform this trick, place before you a plane mirror, 
so disposed, that you can see in it the object you propose 
to hit ; then rest the barrel of the pistol on your shqulder 
and take aim, looking at the image of the pistol in the glass 
as if it were the pistol itself ; that is, in such a manner, 
that the image of the object may be concealed by the 
bkrrel of the pistol : it is evident that if the pistol be then 
fir^, you w^l hit the mark. 

Sd. To construct a box in which heavy bodies^ such as a 
halt of lead, will appear to ascend contrary to ib^mtural 
inclinatiofi. 


Construct a square box, as abcd (fig. 28), where one of 
the sides is supposed to be taken olf, in order to show the 
inside; and fix in it a board hgdc, so as to form a plane, 
somewhat inclined, with a serpentine groove in it of sqch 
a size, that a ball of lead can freely roll in it and descend. 
Then "place the mirror ugfi in an inclined position, as 
seen irf the figure, and make an ^erture opposite l^o it at 
it, in the side of the box, but so disposed that the ^ye, 
applied to it, can see only the mitl^, arid not the 
^^blined plane sto. It may bp easily percei^ that 
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image of this'plan^y m^HLKO, will seeiri^tA jC plane 
almdst verj^icajy and th^a body w^jch rolls^ifrom .G to c, 
along the serpentine pi'oove, appear t6 ^oerid iii a 
similar dil^ction from g to l. Hence, if the Mirror is 
v^ry-gleaft, so as not to be observed, or if only a faint 
light be admittec^hto the box, which will tend to conceal 
the ai$iiie^^e illusion A\ill be greatei^.^nd those not ac- 
qiiaiiited^ith the deception will^ have a good deal of' 
difficulty to discover it. 

3d. ^f^cons^uct a box in which objects shall he seen 
through one hole, differed j^om what were seen through 
another^ though in both cases they seem to occupy the whole 
box» 

Provide a square bo^, which, on account of its right 
angles, is the fittest for this purpose, and divide it into 
four*' parts, by partitions perpendicular to the bottom, 
crossing each other in the centre. To these partitions 
apply plane mirrors, and make a hole in each face of the 
box, to look through ; but disposed in such a manner, that 
the eye can see only the mirrors applied to the partitiond;!' 
and not the bottom of the box. In each right angle of 
division formed by the partitions, place some object, 
W'luch^b^ing« repeated in the lateral mirrors, may foftn a 
regular representation, sucli as a parterre, a fortification 
or citadel, a pavement divided into compartments, ^c. 
That the inside of the box may l)e sufficient!}' iigtited, it 
ought to be covered with a piece of transparent p^ch- 
ment. 

It is evident that, if the eye be applied to each of the 
small" apertures formed in the sides of the box, it will 
perceive as many different objects, which however' will' 
seem ti^^occupy the whole inside of it. The first will be a 
regul(^r pavterje, the second a fortification, the third a 
in compartments, and the fourth some oUier 


pavement 

object. 


o 
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, If several persons look at the jsame time though .tlie$e 
holes, and then ask each otbeQ^hat tbe)r have seen^ 
a scene highly comic to those acquaint^ with the secret 
ma}^ en^, as each will assert thkt he saw %,difl^rent 
oJbject. , . ^ 

I^MARK. — To render the parchmen|; employed for ‘ 
covering optical anilines, such as the above^ moretirans- 
parerit, it ought t6 he repeatedly washed inT a clear ley, 
which must he changed each time: it is then to be care- 
fully extended, and exposed to the air to dry. 

If you are desirous of giving it some colour, you may 
employ, for green, verdigris^^i^t^ in vinegar, with the 
addition of a little dark green ; for red, an infusion of 
Brasil wood ; for yellow, an infusion of yellow berries : 
the parchment afterwards ought to be now and then var- 
nished. 

4th. I?i a room on the first Jloor^ to see those who approach 
the door of the home^ without looking out at the window, and 
without being ohserxed. 

Under the middle of the architrave of the window place 
a mirror, with its face downwards, and a little inclined to- 
wards the side of the apartment, so that it shall reflect to 
the distance of some feet from the bottom of the window, 
or on the bottom itself, objects placed before and near the 
door of the house. But as the objects by these means will 
be seen inverted, in which case it will be difficult to dis- 
tinguish them, and as it is fatiguing and inconvenient to 
look'Upwards, iix another plane mirror in a horizontal po- 
sition, in the place to which the image of objects is reflected 
by the first mirror. As this second mirror will exhibit the 
objec^n their proper position, they can be better distin- 
They will appear however at a much, grater, 
d^^ce, and as if placed perpendicularly on a plsMie, 
,^||naewbat inclined, and almost in such a situation as they 
^wmild.be seen in if you looked downwards from the vlia« 
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do«r $ vHbicb^trili be^sttffictent in general tn^coable yon to 
dtstfngubh those nvith you are acquainted; ^ 

Tvro dnrtr^rs arranged in this manner are represented 

Ozanam, and others before him, who published Mathe« 
matical Recreations, propose by way of problem, toshhw 
a jealous husband what his wife is doi^.in another apart- 
ment. To bore a hole near the ceiling in the partition 
wall which separates two apartments, and fix a horizontal 
mirror, half in the one room and half in the other^ to re- 
flect by means of another mirror placed opposite to it, the 
image of what might^>talt^‘^<:<^ in one of these rooms, is 
ceitainly an ingenious idea; but there is reason to think 
that neither Ozanam nor his predecessors were jealous 
husbands, or that they liud a singular dependance on the 
folly and stupidity of the two lorers. 

PROBLEM XXXill. 

To infiame objects^ at a considerable distance, by means of 
plane mirrors. 

Arrange a great number of plane minors, each about six 
or fight inches square, in such a manner that the solar rays 
ndi' Cted from them may be united in one focus. It is 
evident, and has been proved by experience, that if there 
are a sufficient number of these mirrors, as 100 or 1.50 for 
example, they will produce in their couiDiun focus a heat 
capable of indamiiig combustible bodies, and even at aveiy 
great distance. 

This was, no doubt, the invention employed by ArUbU 
medcs, if he really burnt the fleet of Marcel! us by means 
of burning mirrors, as we are told ir. history ; for Kircber, 
when a- Syracuse, observed that the Homan sliips eould 
not hav^ been at a less distance from the wails of the 
than twenty-tbree paces. But it is ^ well known that tkie 
foette of a codbave spherical mirror is at the distance of 
half ifca mdUiM; consequently the mirror employed by Arm 
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cbtmedes must baVe been a portion of a spbdro of at least 
46 paces radius, the constructiot^^f wbicbi trolild be at- 
tended with insurmountable dilHculties; Besidesvcan 
.believe^that the Romans, at so ^ort a distance, Votdd 
'have suifered him to make use of his machine ' without 
interruption ? On the contrary, would they not have de- 
stroyed it by a shj^wer of missile weapons ? 

Anthrmiiis of Tralles, the architect and (engineer who 
lived uiuler Justinian, is the first who, according to the 
account of Vitcllio, conceived the idea of employing plane 
mirrors for burning*; but «re ytre not told whether he 
ever earned this method in^0.e|SSllil|tion. ItJs to BufFon 
that we are indebted for a proof Of its being practicable. 
In the year 1747, this eminent naturalist caused tobe con- 
structed a machine consisting of 360 plane mirrors, each 8 
inches scjiuire, and all moveable on binges in such a man- 
ner, that they could be made to assume any position at 
pleasure. By means of this machine he was able to burn 
wood at the distance of 200 feet. Buffon^s curious paper 
on this subject may be seen in the Memoirs of the Academy 
of Sciences for the year 1748. 

That the ancients made use of burning glasses is evident 
from a passage in a play of Aristophanes, called the Clouds, 
where Strcpsiades tells Socrates, that he had found out an 
excellent method to defeat his creditors, if they should 
bHng an action against him. His contrivance was, that 
he would get from the jewellers a certain transparent stone, 
which was used for kindling hre, and then, standing at a 
distance, he \\ould hold it to the sun, and melt dowi^lhe 
wax on which the action was written. ^ 

The astonishing philosophico-military exploit of Archi- 
medes deserve some farther notice. Idiat exploit has 
:been recorded by Diodorus Siculus, Lucian^ Dion^Zonaras, 
Oaleit, "Anthemius, Tzetzes, and other anoicjot writers^^The 

Gi 

, ' < Uhtoire de» Mathenatiques par Montucla, vol. (.,p; .-t 
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Recount of Tzetzes is so . particular, that it suggested to 
fether Kircher the spoeific method by which Arehimedes 
pfobably effected bis purpose. Archimedes,” says that 
author, ^ set fire to the fieet of Marcel lus by# burning 
giass, composed of small square mirrors, moving e¥6ry 
way upon lunges ; and which, when placed in the 
rays, reflected them on the Roman so as to reduce it 
to ashes at'^the distance of a bow-s^"6t.” This account 
gained additional probability by the effect which Zonaras 
ascribes. to the burning mirror of Proclus, by whigh he af- 
'ffrms, thattlie fleet of \^telbus, w hen besieging Byzantium, 
now Coristantinopl^|^4| consumed. But perhaps 

no historical tebtinrotvv could have gained belief to such 
extraordinary facts, if similar ones had not been seen in 
modern times. In the Memoirs of the French Academy of 
Sciences for I'iiJG, p. 172, we read of a plane mirror, of 
12 inches square, reflecting tue sun’s ray> to a concave 
mirror 16 inches in diameter, in the focus of which bodies 
were burnt at the distance of 600 paces. Speaking of 
this mirror, father Regiiault asks, (in his Physics, vol. 3. 
disc. 10). “ What would be the eifect of a number of plane 
mirrors, placed in a hollow trune.vted pyramid, and di- 
recting the sun’s ravs to the same point ? Throw the focUs, 
said he, a little farther, and you rc-discover or verify the 
secret of Arcliimedcs,” This was actually effected by M. 
Buffon : in the year 1747 he read o. the Academy an ac- 
count of a mirror, wiiu;h he had composed of an assem- 
. blage of plane mirrors, wdneh made the sun’s rays converge 

a point at a great distance. 

. Of Spherical Mirrors both Concave and Convex, , 

A ^pl 1 erical mirror is nothing else than a portion of a 
sphere, the surface of which is polished so as to reflect the 
light iiv a regular manner. If it be the convex surface that ' 
is polished, it will form a convex* spherical mirror; if it 
be the concave surface, it will be a concave mirror. . 



. We muBt here 6rst observe, that When 
&I)#' Oik any eurved stirfaoe whatever, it will ber^ected 
in same manner as from a plane touchinfi^ the point 
tbat surface where it falls. Thus, if a tangent be dca'Wii^ 
sf^'tbe point of reflection to the surface of a spherical 
ror; in the plane of the incident ray and of the centre, the 
ray will be reflectq^ making with that tangent an angleof 
reflection equal to Ine angle of incidence. 

PBOBLEM XXXIV. 

The plate of an object^ and tha^^of the eye being given; to, 
determine in a spherical mir^r^^^point of rejiectim^ 
and the place of the image* ' ^ ^ 

The solution of these two problems is not so easy in re-i 
gard to spherical as to plane nimrors ; for when the eye 
and the object are at unequal distances from the mir- 
ror, the dctcripination of the point of reflection npeas- 
sarily depends on principles which require tb^ assisiauce 
of the higher geometry ; and this point cannot be assigned 
in the circumference of the circle without employing one 
of the conic sections. For this reason, we shall omit the 
construction, and only observe that there is one extremely 
simple, in which two hyperbolas between their asymptotes 
are employed : one of these determines the point of reflec- 
tion on the convex surface, and the second the point of re- 
flection on the concave surface. 

^It will be suflicient for us here to take notice ofene 
property belonging to tins point. Let b be the object, 
(fig. 30 pi. 9), A the place of the eye, e the point of ref 
tion from^the convex surface of the spherical mirror d! 
the centre of which is c ; a*so let fc be a tangent to tbe 
point Kjjiiythe plaQ^ of the lines bc and ac, which it meets 
in ^ let the reflected ray ae, when produced, 

htCerseji^the line bc in h: the points h and i will bet*CO'^ 
sitii^d, that we shall liave the following prdportioii 

re is BI to IH. ' ' ^ 
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bs \» .produced tll)^ fo='4i 

weshBiliiavet, ac : proportiofts iv)uci6 

be eqiKdly true in the case of reBection Irom a concave 

'^In regard to the place of the image, opticiam have l^g 
admitted it as a- principle that it is in the point h, whpre 
the refiected ray meets the perpcndita^r drawn from the 
object to the mirror* But this su^fosition, though it 
serves pretty w'ell to show how the images of objects ate 
less in convex, and larger in concave, than they are in 
plane mirrors, has no foundation in physics, and at present 
is considered as ab^a^i^;^alse. 

A more phiJosopnicll principle advanced by Dr. Barrow 
is, that the eye perceives the image of the object in that 
point where the rays forming the small divergent bundle,' 
which enters the pupil of the eye, meet together. It is 
ind€^ natural to think that this divergency, as it is greater 
when the object is near and less when it is distant, ought 
to enable the eye to judge of distance. 

By this principle also we arc enabled to assign a pretty 
plausible reason for the diminution of objects in convex, 
and their cnlargeincnt in concave aiirj^is; for the con** 
vexity of the former renders the r;<ys, which compose each 
bundle that enters the eye, more divergent than if they 
fell on a plane mirror ; consequently the point where they 
meet in the central ray produced, ;■> miicli nearer. It may 
even be demonstrated, that in convex mirrors it is much 
nearer, and in concave much farther distant than the point 
^■ai^onsidered by the ancients, and the greater part of the 
l^erns, as the place of the image. In short, it is con- 
cluded that in convex mirrors this image will be still more 
contracted, and in concave ones more, extended, than the 
ancients suppo.sed ; which will account for the apparent < 
eidargement of objects in the latter, and their diminution 
lll^he.formcr. 

' We must however allow that even this principle is aU 
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tended' with, difficulties, which Dr. Barrow^ the aiith'dr bt 
it, does not conceal, and to which he epnfesses he never 
saw a satisfactory answer* I'his induced Dr. Smith, in 
his Treatise on Optics, to propose another^ but 'we shall 
not here enter into a discussion on this subject, as it would 
be too dry and abstruse for the generality of readers. 

’ flpnOBLEM XXXV. 

The principal properties of spherical mirrors, both convex 
and concave, 

1st. The first and principal property of convex mirrors 
is, that they represent objects-^ess t^n they would be if 
seen in a plane mirror at the same distance. This^ may 
be demonstrated independently pf the place of the image: 
for it can he shown that the extreme rays of an object, 
however placed, which enter the eye after being reflected 
by a convex mirror, form a less angle, and consequently 
paint a less image in the relinu, than if they had been re- 
flected by a plane biirror, which never changes that angle. 
But, the judgment >vliich the eye in general forms respect- 
ing the magnitude of objects, depends on the magnitude 
of that angle, and that image, unless modified by some 
particular cause. 

On the Ollier hand, in concave iniirors it may be easily 
demonstrated, that the extreme rays of an object, in what- 
ever manner situated, make a greater angle on arriving at 
the eye than they would do if reflected from a plane mir- 
ror; consequently the appearaucc of the object, for the 
above reason, must be much greater. 

2d. In a convex mirror, how ever great be the distanci^j^ 
the objei^; its image is never farther from the surface than 
half th6%dius ; so,{^hata straight line perpendicular tathe 
imTi;Qri,.were it even infinite, would not appear to extend 
f{|j|tfer within the mirror, than the fourth part of th&dia- 
4 li'eter of the circle of which it is a segment. 

But in a concave mirror, the image of a line perpmidi* 





« ' ^ * 

Xttlar to the mirror js dw^ys loi^ger diao the line itself ; 
and if this.lino !;]« e^uai to half the radius, its image will 
'appear to be infinitely produ^d, 

.,3dk .In convex mirrors, the appearance of a curved line, 
concentric to the mirror, is a circular line also coiiceafric 
to the inirror; but tht* appeariince of a straight line, or 
plane surface, presented to the uii^r, is always convex 
on the outside, or tow ards the eye. 

In a concave mirror, the contrary is the case : the image 
of a rectilineal or plane object appears concave towards 
the eye. 

4th. A convex p^irror disperses t!ie rays ; that is to say, 
if they fall on its suffac‘* parallel, it reHects them diver- 
gent; if they fall div^^gent, it reflects them still more di- 
vergent, dccording to dtVcuinstances. 

On this piopcrty, of concave spherical mirrors, is 
founded the uac made of them for collecting the sun's 
rays into a small space, whete ilieir heat, increased m tlie 
ratio of their condensation, produces astonishing effects. 
But this subject deserves to be treated of separately. 


PROBLEM X.WVI. 

Of Burning Mirrors. 

The properties of burning mirrors may bo deduced from 
the following proposition ; 

- t 

If a ray of light fall very near the avis of a concave spheri- 
cal surface, and parallel to that lu /v, it mil be reflected in 
. such a manner, as to meet it at a distance from the mirror 
I [j. nearly equal to half the radius. 

! Tor let ABC (fig. 31 pi. 9 ) be the concave surface of a 
well polished .spherical mirror, of which o is the centre, 
pB the semi-diameter in the direction of the axis ; if 
he ray of light parallel to bo, it will be reflected in 
direction of fg, which will intersect the diameter bd 
iUrU^certain point g. But the point g will always be nearer « 
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to the surface of "the mirror thao to the centre. For if 
tbe\raditis df be drawn, we shall have the anglea m'S 
and DFG equal, consequently the angles ofB and *0i#r 
will also be equal, since the latter, on aCodunt df 'the 
parallel lines f£ and bo, is equal to bfe : the triangle 
then is isosceles, and go is equal to of ; but- of is always 
greater than gh; it follows that dg also is greater 

than GB ; the pofoPo therefore is nearer the surface of 
the mirror than the centre. 

But when the arc bf is exceedingly small, it is well 
known that the difForcnce between gf and gb will be in- 
sensible; consequently, in this case, the point g W'iil bo 
nearly in the middle of the raiyus. * 

This is confirmed by trigonefineWy ; for if the arc BF be 
only 5 degrees, and if we suppose?®ie Semudiameter oB to 
be 100000 parts, the line bg will be 49809, ivhich differs 
from half the radius but TereVirs part only, or less than 
It is even lound, that as longas the arc bf does not exceed 
IS degrees, the dfsttoce of the point g from half the semi- 
diameter is scarcely a 56tli part. Hence it appears, that 
all the rays which fall on a concave mirror, in a direction 
parallel to its axis, and at a distance from its summit not 
exceeding 15 degrees, unite at a distance from the mirror, 
nearly equal to half the semi-diameter. Thus, the solar 
rays, which arc sensibly parallel \\hen ^hey fall on this con- 
cave surface, will be there condensed, if not into one point, 
at least into a very small space, where tlicy will produce a 
powerful heat, so much the stronger as the breadth of the 
mirror is greater. For thi« reason the place where 
rays meet is called the focus, or burning point. 

The focus of a concave mirror then is not a point: it 

* The c^y^tion in thi^i^ase is easy. For, the are BV being given, 
haVk the angle bdf, as well as CFD, which is equal to it, and edn* 

fieqneafiy tlw angle i>cf, which i» the supplement of their sum to two nght 
Singles. ^ the triangle ugf then; we have given the three angles and 
vis. oW^liich is the radius ; and therefore, by a very simple trjgonomab^uP 
anaI^,W!( can find the side og or op, which is equal to it. 





1^18 even e |>re(^y'8enstble ba^eitude.< Thtt%fov^exemp% 
i(^ ^.mi^i^or be;.&he portion of a sphere of 6 feet r^itis^.a^^’ 
inm an^rc qf 3d degrees, whifh gives a breadth 0f Som,&» 
three feet, its focus ought to be al)Outthtt 
46th i^rt of that size, or between .7 and 8 lines. The 
therefprei which fall on a circle of 3 feet diameter, wilUbr* 
t|^ most part be collected in a circle G^jjliaineter 56 times 
Jess, and which consequently is only C^3136t)i part of the 
space or surface. It may hence be easily conceived what 
degree of heat such mirrors must produce, since the heat 
of boiling water is only triple that of the direct rays of the 
sun, on a fine summ^*s day. 

Attempts however have b^en made to construct mirrors, 
to collect all the rays ojfthii sun into one point. For this 
purpose it would be nec^sary to give to the polished stir* 
face a parabolic curve. For let cbd be a parabola (fig. Sfi 
the axis of which is ab : wc here suppose that the 
reader has some knowledge of conic sections. It well 
known that in this axis there is a certaiilpoint f, so situated, < 
that every ray, parallel to the axis of this parabola, will be 
reflected exactly to that point, winch on this account has 
been called the focus. If the concave surface therefore of 
a parabolic spheroid 1)c well poli-ihcd, all the solar rays, 
parallel to each other, and to the axis, will be united in 
one point, and will produce there a heat much stronger 
than if the surface had been sphern ai. 

Remarks. — I. As the focus of a ^pller^cal mirror is at 


the distance of a 4th part of the diameter, the impossibility 
0,CArcbimedes being able, with such a mirror, to burn the 
lll^an ships, sujipusing their distance to have beeb only 
^61' paces, as Kircher says he remarked when at Syracuse, 
mjjy be easily conceived ; for it wouj^i have been neces^ 
saVy that the sphere, of which his mirror was a portibn, 
have had a radius of 60 paces; and to ebustruet 
sphere, would be impossible. ■ A paraboUc mirror 
%wd fie attended wjith the same inconvenience.. BesidejS,^ 
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the Boman^ muse have^^Wn wonderFulfy cohdesce 
to'soilef^eniselves to b^e Durnt sq near^'withoUt deranging ' 
the machine. If* the mathematician of Syracusd'^heteforj^' 
btirnt the Roman dhips by means of the sol^r Yhytj^ c^d'if 
Produs^ as we are told; treated in the 'Same mahAerltlie 
ships of Vitellius, which were besieging Byzantiuha; they' 
must have e m pi cUj^ mirrors of another kind/and could 
succeed only hy a'n^vention similar to that revived by 
Buffon, and of which he shewed the possibility. See 
Prob. 33. 

The ancients made use of concave mirrors to rekindle"' 
the veistal fires. Plutarch, in his life^ of Numa, says that 
the instruments used for this ^rpose, were dishes, which 
were placed opposite to the suh,s^ the combustible mat-' 
ter placed in the centre ; by whicn it is probable he meant 
the foous, conceiving that to be at the centre of the mirror's 
concavity. * 

II. We cannot here omit to mention some mirrors cele- 
brated' on account^ their size, and the effects they pro- 
duced ; one of them was the work of Settala, a canon of 
Milan: it w'as parabolic, and, according to the account 
of father Schott, inflamed wood at the distance of 15 or 
16 paces. 

Villette, an artist and optician of Lyons, constructed 
three, about the y^ar 1670, one of which was purchased 


by Tavernier, and presented to the king of Persia ; the 
second was purchased by the king of Denmark, and the 
third by the king of Fran^-c. The one last mentioned was 
SO inches in diameter, and of about 3 feet focus. 
raysof the sun were collected by it into the space of abOply 
balf-a-guinea. It immcdii tely set fire to the greenest 
wood if fused SI Ivq^ and copper in a few seconds; and 
ia-^tie^iininute, more or less, vitrified brick, flint, 
vittiflable substances. 

mfrrors however were inferior to that constru^paE 
l^bitron von Tebirnhausen, about I687f and of whidl^ 



de^cript joa iiip.y be, foanii^^ii tllejypjsiAsaptio^s pjf.I^ 

foij, of * |de^; 

asl^ij^^astlji^ blade Q|^i{oro 

on 5 feeli^S inches, in^^readt^/and'4l»/fodi^^ 
Ihe^e fells, or 3 fe,et 6 inches: it prodtfjg^; 
the follp^,mg edects : .'/r-. 

M^ood, exposed to its focus, immecUa|cly took fire ; and 
the most violent wind was not ahw’^^o extinguish it. 
Water, contained in an earthen vessel, was instantly 
thrown into a state of ebullition ; so that eggs were boiled 
in jt in a moment, and soon after the whole water was 
evaporated. Cppper^nd silver passed into fusion few 
minutes, and slate was transformed into a kind of black 
glass, which, when laid hoM of with a pair of pincers,, 
could he drawn out int^lilamcnts. Brick was fused into 
a kind of yellow glass ; pumice stone and fragm^ts of 
crucibles, which had withstood the most violent furnaces, 
were also vitrified, &e. 

Such were the effects of the celehrai^d mirror of baron 
von Tchirnhausen ; which afterwards came into the pos- 
session of the king of France, and which was kept in the 
Jardin du Roi, exposed to the injuries of tlie air, which in 
a great iiieusure destroyed its pol»s{i. 

But metal is not the only substance of which burning 
mirrors have been made. We are told by Wolf, that an 
artist of Dresden, named Gsertner, ronstructed one in imi- 
tation of Tchivnhausen’s mirror, ciunposcd only of wood, 
and which produced effects equally astonishing. But -this 

t r does not inform us in w'hat manner Gaertner was, 
o give to the wood the necessary polish, 
her Zacharias Truber however seems to have sup- 
plied this deficiency, by informing u^in what manner a 
bmrning mirror may be constructed with wood and 

for nothing is necessary but to give to a piece of ,ex- 
^mmgly dry and very liard wood,, the form of the seg- 
a concave sphere, by means ^ a turning .machine^. 
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CD cover it in a uciifo|ibMbannel with a mixture of piCcti 
aildLi^radi and then to Rf^ly^ts of gold'teaf^ about tfbrw 
^fodr ;inchea in hm^th. "^Instead >f gpoU ^afv saii|) 
plhae mirrorsi he ^y^/miglii be adapted {jbtbecbbcaviC^y 
apd it will be seen with astonishment^^tl^b: of 

sn^ a mirror is little inferior to that of a mii^rnr i^de en;< 
tirely of metal. , 

Father Zahn Motions something more singular than 
what is related by Wolf of the artist 'of. Dresden, for he 
says that an engineer of Vienna, in the year 1699, made a 
mirror of pasteboard, covered on the inside with straw 
cem^ted to it, which was so powerful as to fuse all 
metals. 

Concave mirrors of a consideraj^le diameter, and which 
produce the same effect as the^eceding, may be pro^ 
cured,, at present at much less expence. For this advan- 
tage we are indebted to M. de Bernieres, one of the con- 
trollers general of bridges and causeways, who discovered 
a method of givings the hgurc of any curve to glass mir- 
rors ; an invention which, besides its utility in optics, may 
be applied to various purposes in the arts. The concave 
mirrors which he constructed, were round pieces of glass 
bent into a spherical form ; coiicave/on one side and con- 
vex on the other, and silvered on the convex side. M.de 
Bernieres constructed one for the king of France, of 3 feet 
6 ibehes in diameter, which was presented to liis majesty 
in n57. Forged iron exposed to its focus was fused in two 
seconds ; silver ran in such a manner that when dropped* 
into water it extended itself in the form of a spider’s vr0^^i 
flint became vitrified, &c. 

These mirrors have considerable advantage over tmfil 
of metalv^ Their re^tion from the posterior surface, not- 
wUhstf^iiig the loss of rays, occasioned by their pa^ge 
the first surface is still more lively than ^ 

tha^est polished metallic surface; besides, they 

mirrors^ to lose tbetr bji^P 
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confact'of tM a1t| alV^aya dia^ged with wHi^ 

<^od^ ctiecbft'* b^t wbkh make no impression 6iif 
it) shoift) 'nothing is necessary, but to preserve them from 
moistdre^ Whieh destroys the silvering. 

r <■ 

PROBLEM XXXMI. 

Some properties of comave mirrors, in regard to vision ^ or 
the Jormation of images. 

I. If an object be placed between a concave mirror and 
its focus, its image is seen within the mirror, and more 
magnified the nearer the object is to the locns; so^tbat 
when the object is in the focus itself, it seems to occupy 
the whole capacity of the mirror, and nothing is seen 
distinct. 

If the object, placed in the focus, he a luminous body, 
the rays which proceed from it, after being reflected by 
the mirror, proceed parallel to each other, so that they 
form a cylinder of light, extended to a very great distance, 
and almost without diminution. This column of light, if 
the observer stands on one side, will be easily perceived 
when it is daik ; and at the distance oi more than a huii- 
tlred paces from the mirror, if a bool„ be held before this 
light, it may be read. 

II, If the object be placed between the focus and the 
ceiuve, and it the eye be either bey()nd the centre, or be» 
tween the centre and the focus, it cannot be distinctly per* 
cejved, as the rays reflected by the niiiror are convergent. 
But- if the object be strongly illuminated, or if it be a 
Ih^hious botl V itself, such as a candle, by the union of its 
A^s-tliere will be formed, beyond the centre, an image in 
an inverted situation, which will be painted on a piece of 
papei;i or cloth at the proper distance, or which, to an eye 
p kiiEaL b eyond it, will appear suspended in the air. 

>SHRrhe case will be nearly the same when the object 
the centre, in regard to the miitort an inverted 

VOL, II,- p 
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HWlgo (^f the object mil be painted then between the ifoottS 
aih) the cetitre ; and this image wil( approach the cei|h6 
in proportion as the object Itself approaches il| o? wM 
approach the focus as the object removes ih)0i4t. * 

In regard to the place where the image will be paiah 
ed in both these cases, it may be found by the followhig' 
rale. ' 

Let ACS (hg. 33 pi. 9) be the axis of the mirror, indefiir 
nitely produced ; f the focus, c the centre, and o the place 
of tlie object, between the centre and the focus. If F oh be 
takeir a third proportional to fo and fc, it will represent 
the distance at which the image of the point placed iap 
will be painted* ^ 

If the objectfte in cu, by empl(^ig the same proportioii, 
with the proper changes, that is, by making fo a third 
proportional to fm and fc, as in o, the image of it will be 
found in o. 

In the last place, if the object be between the focus and 
the glass, the place where it will be observed within the 
nairror, may be found by making fw to fa, as pa to FS. 

Remabks. — 1st. This property which concave mirrors 
have, of forming between the centre and the focus, or be- 
yond the centre, an image of the objects presented to them, 
is one of those which excite the greatest surprise in per- 
sons not acquainted with this theory. For if a man ad- 
vance towards a large concave mirror, presenting a sword 
to it, when he comes to the proper distance, he will s^ a 
sword blade, with the point turned towards him, dart itself 
from the mirroi ; if he retires the^image of the blade 
retire ; if he advances in such a manner that the point ^11 
be between the centre and ’he focus, the image oftjie swofd 
will croSs the real sword as if two people were engaged in 

^d. It, instead of a sword blade, the hand be p|9R^ 
at% irertain distance ; you will see a hand foraiec^^|e 



;QBC]tFVlo>vs. 

wsi^m ail^ki¥€i^iiUiiftnpnf .isrhV^h wUUp{)jrQpc)i;{ajb4%.|r^ 
thp/l^lter appiiapbes the c^ntrf ,-^0 
mMea«.tojai«At,A^h , i i,- t> 

5c|« If >yimifilaoe yQiifse]| a, little .t;^yoni4 the 
l^^irrbr^ and tbeo look directly ipto it, you. will .ae^.f4< 
the CBtitrp.'the imaj^ of your face inverted^ .,Ifyou 
then continue to approach, this phantattic image will ap- 
proach also^ ao that you can kiss it. * 

.7 4<^r'If-A nosegay* be suspended in an inverted situation 
<figs. d4: pi. j», between the centre and the focus, a little 
below ^thel kxis, ^d if it be concealed from the yiew^tbe 
apectator,'j|by means of a piece of blaqk pastehoai^, ap 
upright image of the nosegay will be fojrpied above the 
pasteboard, and will e4l|f$te the greater ^onishment, as 
the object which produces it is not seen; for this reason 
thdSe not acquainted with the deception will take it for a 
real object, and attempt to touch it *. 

' ' If a concave mirror be placed at the end of a hall, 

at an inclination nearly equal to 45°, and if a print or 
drawing be laid, on a table before the mirror, with the bqt" 
tom part turned towards it, the figures in the print or 
drawing will be seen greatly magnified ; and if a proper 
arrangement be made, so as to favour the illusion, that is 
if the mirror be concealed, and only a small hole left for 
looking through, you will imagine that you see the obj^ts 
themselves, < ^ 

Ou this principle are constructed what are called Opti» 
^^S 9 X€Sf which are now very common: the method of 
^I^M^pcting them will be found in the following problem. 

PROBLEM XXXVllI. 

To construct an optical box or chamber y in which objects are 
^ seen much larger than the box itself. 

a square box, of a size proper to contain the 

j^obs and'«ppe«rMices, fonned iathu mnaer, bsreof Iste 

ye»i^ bevin aibibited sbowi to tpectatori in L«Ddon. 

P 2 
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concave mirror you intend t6 employ; feat is to 
caob side be a little less than the focal distati^e M 
rpr; and cover the top of it with tfanspateihl:' 'p&'rchimR, 
br white silk, or glass made siAooth, bUt nbt 
Apply the mirror to one of the vertical sides of'thi^JM^ 
and on' the opposite side place a coloorecf pfin't'dr 
ing,Teprcsenting'a landscape, or seaport, or buildings^m 
The pi^nt ought to be introduced into the box by dieat^ 
of a slit, so that it can be drawn oul^and another 
tuted in its place at pleasure. 

A^^the top of the side opposite to the mirror, a 
hole br aperture must be made, for the'purjipse of ldotfe% 
through ; anci^Jf the eye be applied to thWholc, fee' Ob- 
jects, represewd in the print/'Vill be seen very ihuch 
magnified: those who look at them, will think they 
behold buildings, trees, &c. 

We have seen some of these machines, which by their 
construction, the size of the mirror, and the correctness of 
the colouring, exhibited a spectacle highly agreeable and 
afeusing. 

Of ci/lindriCf or conical, Sfc mirrors, and the anamorphosies 
which may be performed by means of them. 

There are other curved mirrors, besides those already 
mentioned ; such as cylindric and conical mirrors, by 
m&ns of which, effects very curious are produced. Thb'S, 
for example, a figure may be drawn on a plane so’d^ 
e'd, that it will be almost impossible to tell what it ; 
by placing a cylindric or conic^mirror, as well 
eye, in a certain position, the figure will appear in 
proportions. The metbol by which this is done, 
follows. '■ ' 

P.ROBLEM XXXIX. ■ ' 

describe, on an horizontal plane, a distorted figvtf 
‘'when seen from a given point, an reflected from that 
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rf, fight mirror^ shaU 'appear in ijfs 

(platen 10 %. 3,5 N°. 1 and 2) be the base of a 
poctfop off cylindric polished surface, \>vhichis to^ert^ 
^ vQDOlfror; and let Ac be its chord. In the radius pec- 
cular to AC^ and indefinitely produced, assume the 
li|t which corresponds perpendkuJajrly with the plac^ 
of.thp eye above it. This point o must be at a moderate 
distance. from the mirror, and raised abox'e the pfane of 
the base only 3 or 4 times the diameter of the cylinder. It 
j|^. 4 ;^roper that it shoold be at such a distance from the 
Dunror, that the lines oa and oc, drawn from it^hali 
make with tbwylindric surface a moderately acute angle $ 
lot if the lines oa and qlc were tangents^ the points A 
and c, the parts of the objects seen by these rays would 
be very much contracted, and appear confused. 

,The point o being thus determined, and having dra'hn 
the lines oa and oc, draw also ad and ce indefinitely, in 
auch a manner, that they shall form, with the cylindric 
surface, or the circumference of the base, angles equal to 
those formed with them by the lines oa and oc ; so thSt, 
if the linca oa and oc be considered as incident rays, ad 
and GE may represent the reflected rays. 

Then divide ac into 4 equal parts, and form on it a 
jtquare, which must be divided into 16 other small equal 
sq^pres. To the points of division 2 i inl 4 draw the Ij^es 
00^^04, cutting the mirror in f and ii ; from which points 
indeflniteiy fo and hi, so that the latter lines shall 
^fleeted rays corresponding to the lines or and oh, 
ered as incident raVs. 

^hen this is done, on the extremity o, of the indefinite 
line 2) raise the perpeiidicuhir on, equal to the 

heiitlVk of the eye above the plane of the mirror : make oq 
OA ; and from the point q faise the perpendicular 
|uai to AC, whiph must be divided into ^4 equal parts: 
r<ilrawt>fr<Hn the point n, through these^points of divU 
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sion» straight lines, which b^g. producecfyni’d^^tiidliitife 
OQF in the point'i, ii, lii^ iv. Translfer these divi8l|||Sy 
in the same order, to the radii ad and ge, so that a 
^ 111 , A IV, shall be respectively equat to 0 t> Q 

Q IV. ' ^ 

Piroceed in the same manner to divide the lines po^ 

Ql into 4 unequal parts, as f i, f it, f hi, f iv; h 
H III, H IV; and divide, in the like manner, the line b'iV^ 
nothing then will be necessary, but t&join by curved tihi^ 
the similar points of division in these 5 lines ; which hiay 
be easily done, by taking a very flexible rule, and bendid^ 
it, s^s to make it touch or bear on these points. Cut If 
these points be joined, three and tliree, b^blrcular afcs, 
they will not d^yiate much from the truth. These circular 
or curved arcs, with the straight lines a i v, f iv, b iv, h IV, 
c IV, will form portions of circular rings, very irregular 
indeed, but which will correspond to the 16 squares int6 
which AC was divided ; so that the mixtilineal area a will 
correspond to the square a; the area b to the square d, c 
to c, d to d, and so of the rest. 

If a regular figure then be described on the square Ac, 
and if what is contained in the small square a be trans- 
ferred into the area a of the base, lengthening or contract- 
ing the parts as may be necessary, you will obtain, if you 
proceed in the same manner with the rest, a figure ex- 
cee^ngly irregular and distorted, which, when seed iOr 
the cylindric mirror, by the eye placed properly abc^ 
the point o, will appear regular and in its true pre 
tions; for it is demonstrated, in the theory of cyiij 
mirrors, that all these irregular ar^^§ must appear'^i)'^ 
the square of ac and its divisions, or nearly so. 
nearly ^^^ause this construction is not geometrically p(gf- 
fcct, ainy cannot be, on account of the indbcisioh^'in 
to the place of the image in mirrors ot this kind. 
i^qpjitruction however succeeds so well, thBt obje<^S'li 
cannot be distinguished on the base of the VlSfrof , ' ^ 
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]^^ty;T6gular io their representatioo. But Tve must ob^ 
thatj^ for this purpose^^the eye ought to be applied 
light br^ hole^ of a ’few lines diameter, raised perpenr 
trly, above the point o, to a height equal to on. 
^>JteMAliK.-*Instead of a cylindric mirror, one io tl^ 
^Sa .of a right prism may be employed ; but, to s^ a 
^|ralar and well proportioned image, it must be trans* 
term into parts of the base not contiguous, but parallelo* 
j^ms resting on the base, and arranged in the fo^m of a 
fan, with triangular intervals between every two. Any 
particular subject may be painted in these intervals, so 
that 'when the mirror is placed in the proper pemtion^ 
some ' object /i||£Ferent from what is represented snail be 
seen. But we shall not enter into farther details respect- 
ing this anamorphosis; as we mean to 'j^ve that of the 
pyramidal ipirror, which produces a similar effect. This 
is a problem on which beginners may exercise their inge- 
nuity, and which can be solved without much difficulty. 


PROBLEM XL. 


7b describe, m a horizontal ■plane, a distorted figure, which 
shall appear in its proper proportions, when seen, as re- 
fiected by a conical inirror from a given point in the axis 
of that cone produced. 


Around the place which you intend the distorted Bgure 
to occupy, describe a circle abco (pt. JO Jig. 36 N . 1 and 
gj^^of any size at pleasure, and divide the circumtei^nce 


into any number of equal parts ; from the centre e, 
^ through the points of division, as many semUdtame* 
one of which, as or de, must also be divided into 
tain number of equal parts. I'lien from £, as a cen- 
tre, describe, through the points oJ division, as many cir- 


ldeS|^which with the preceding semi-diameters will divide 

« ^e terminated by the first and greatest circle abcb, 
yeral small spaces ; and theSe will serve to conlaJtl 
uifejl^l^d to d^tort it on the borizonti^lanei around 



216 


OPT^PAL ,:tV^£.PTION«». 



the base fgiu t^e Gonical mirror^ inr^the 
manne^. , • . ^ ’V 

.Having assumed, the circle fghi (fig..3p NV9) 
centre of -whicli is o, as the base of the coiie,L coii^tru 
apart the right-angled triangle klm (N**. 2)» tho 
'which KL is equal to the semi-diameter og of the 1 
the cone; and the height km equal to the height of^ 
cone. Continue tliis height to N, so that the part' 
shall be equal to the distance of the eye from the point of 
the cone, or the whole line kn equal to the height of the 
eye above the base of the cone. Having divided the base 
KL into as many equal parts as the semi-diameter ae or^X 
contains of the prototype, draw from the point n, throu^ 
the points of division p, o, ii, as many straight lines; 
'Which will give in the hypotheniise lm, representing the 
side of the cone, the points s, t, v j at the point v make 
the angle lv 1, equal to the angle lvu; at the point t the 
angle lt 2, equal to the angle ltq; at the point s the. 
angle ls 3, equal to the angle Lsr ; and at the point m, 
which represents the summit of the cone, the angle lm 4, 
equal to the angle lmk, in order to have, in the base kl 
proiSuced, the points 1, 2, 3, 4. 

Then from o, the centre of the base fghi of the conical 
mirror, and with tlie di.stancc& k 1, k 2, k 3, k 4, descril^ 
circles representing those of the prototype abcd, the largest 
of whicli must be divided into as many equal parts as the^ 
circumference abcd ; and from the centre o, draw 
diameters through the points of division, whicli will . 
on the horizontal plane as many small distorted spac 
those in the prototype abco ; and.into these the figui 
the prototype iiui} consequently be transferred, 
image will be very much di^s.ortcd on the horizontal pl^}^, 
yet by reflection from the surface of the conical 
placed, the circle fghi, 'will appear Ui its just pi;qi 
tion^, nt the eye be situated perpendicularly ^bovj^j 
CQn^6 o, and a|, a distance from it equal to i; 
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. ]|BMAftK.^l£r order to a^oid deception in traDsfefriill^ 
what is iiLthe prototype abcd (pi. 10 fig. 36 N*^. 1 8& 2^/ 
horizontal- plane, care must be taken' that what is 
most distant from the centre e shall be nearest the base 

K )f the conical mirror; as is seen by the same letters 
» d, e, f, ffj k of the horizontal plane and of the 
ype. The distortion will be the more grotesque^ Sf 
II the regular image is contained in a sector o, (N®. 1) 
is contained in the di;storted image in a portion of a' circular 
ring. 

PROBLEM XLI. 

To, perform the same thing by means of a pyramidal mirror. 


It is well known, and may be easily conceived, that a 
square pyramidal mirror on the base abcd (pi. 1 1 fig. 37 
N® 1 & 2), reflects to the eye, placed above it in the a'xis, 
no more of the plane which surrounds the base, but the 
triangles bec, cfd, dga, and ahb; and that no ra}^ pro- 
ceeding from the intermediate spaces reaches the eye. It 
may also be readily seen that these four triangles occupy 
the whole surface of the ‘mirror; .'ind that to an eye raised 
above its summit, and looking throii};li a small hole, they 


will appear together to till the squ.iie of the base. In this 
case therefore the image to be distorted must be described 
in the square abcd, equal to the plane of the base; and if 
llurough the centre e there be draw'P two diagonals, and as 
lines perpendicular to the sidc^, these with the small 


dbncentric squares, described in th;«t of the base, will 
'ijjSide it into small triangular and trapezoidal jiortionsh 

the section of tlie mirror, through the axis and tl>e 
being a right-angled triangle, it will be easy, by 


a method similar to that employed in the preceding pro- 


j'j;- to find on the line cl produced, its image le, and 
p&ints of division which arc the image of those of the 
1 ^. Let these points be l, in, ii, e: if you draw 
ugh tl^P points lines parallel to the base bc, and do 



tis 





the same thing in regard to the other triangles haBj 9b0f 
you will have the area of the ibia^^ to be painted, divided 
into parts corresponding to those of th&basd. By desBid^ 
ing in each of these, i^i^the proper situation, and with i 
proper degree of elongation or contraction, the 
the 6gure contained in tlie corr^ponding parts of thJ 
you vrill have the distorted hghre required, which, i 
seen from a certain point in the axis produced, ^iU 
pear to be regular, and to occup 3 ' the whole base. 

This kind of anamorphosis, on account of its singularity, 
is superior to any of the preceding; as the parts of the 
distorted figure are separated from each other, though 
they seem contiguous when seen in the mirror; other 
objects therefore may be painted in the intermediate 
spaces, which will mislead the spectators, and excite in 
them a greater degree of surprise. 

0/ Lenticular Glasses, or Lenses, 

A lens \s a bit of glass having a spherical form on both 
sides, or at least on one side. Some of them are convex 
on the one aide and plane on the other; and others are 
convex on both sides: some are concave on one side, or 
on both; and others are convex on one side, and concave 
on the other. TJiose convex on both .sides, as they re»* 
semble a lentil, are in general distinguished the name, 
of lenticular glasses, or lenses. .. 

The uses to which these glasses are applied, are 
known. Those which are convex magnify the appeara^ji^ 
of objects, and aid tiie sight of old people; on the 
hand, the concave glasses <liniinish'<ihjects, and assist 
who arc short sighted. I'he former collect the ray$|||p 
the suA around one point called the Jocus ,* and, when of 
a, considerable size, produce heat and combu^ion. 
conGav&j;lasses, on the contrary, disperse the, rays ofj. 
sun. kinds are Employed in the copfttructio^ 

telescj^es and^fpicroscopes. 






PB.OBIBM XLII. 

■Ti^Jind the focus of a glass globe, 

« lafis globes supply, on many^casions, the place of 
it is propei* tliat we should here say a few words 
;ih|; ^heir focal distance. The method of deter- 
if is as follows. 

SCO (pi. 11 hg. 38) be a glass sphere, the centre of 
which is F, and co^.a diameter to which the incident ray 
A'b is parallel. This ray, when it meets with the surfhee 
df'the sphere in b, will not continue its course in a straight 
lide, as would be the case if it did not enter a new m^ium^ 
but will approach the perpendicular drawn from the centre 
F to B the point of incidence. Consequently, when it 
is.4ues from the sphere at the point i, it would meet the 
diameter in a point e, if it did not deviate from the per- 
pendicular Fi, which makes it take the direction lo, and 
proceed to the point o, the focus required. 

To determine the focus o, first find the point of meet- 
ing E, which may be easily done by observing that in the 
triangle fbe, the side fb is to fr as the sine of the angle 
FEB is to the sine of the angle fbf. ; or, on account of the 
smallness of these angles, as the angle fbb, or its equal 
GBE, is to the angle fbe ; for we here suppose the in- 
cident ray to be very near the diameter cd ; consequently 
angle abh is very small, as well as its equal fbg ^ and 
safes' extremely small have the same ratio as their sines. 

by the laws of refraction, when a ray passes from air 
^l^^^lass, the ratio of the angle of incidence abh, or obf, 
angle of refraction fbi, if the angles be very small, 

3 to 2, and therefore the angle fbe is nearly the 
dddblp of EBG : it thence fellows that the side FE,^of the 
Cf^gle tDE, is nearly the double of fb or equal to twice 
dferadius'; consequently be is equal to the radiusi 

find the point o, where the ray, when it issues from 
fw spherc^jpid deviates from the perpendicular, Ought to 
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ID^, the line oe^ the like r<iasonipg may be emplcyi^. 
In the triangle ioe, the side lo Is to ob nearly as the a^le 
lEO, or its equal ife, U to the angle oiB. ^^ow, 
ingles are equal ; for^e angle ifd is the oiie .third o£^e 
angle of incidence fbg or abh; but, by the law.. | G M^ 
fraction, the angle oie is near|y the half pf the angl^^ 
incidence eik, or of its equal fib, which )s oAhe 
FBO: like the preceding it is therefore the third of fbq ojc 
HBA, and consequently the angles oi^i.and oei are equals 
whence it follows that oe is equal to oi, which is itself 
equal to do, on account of their very great proximity. 
Therefore do, or the distance of the focus of a glass globd 
from the surface, is equal to half the radius, or the fourth 
part of the diameter. q,e.d, 

PROBLEM XLIII. 

To Jind the focus of any lens. 

The same reasoning, as that cmi)loycd to determine the 
^.course of a ray passing through a glass sphere, might be 
employed in the present case. But for the sake of brevity, 
we shall only give a general rule, demonstrated by op- 
ticians, whicji includes all the cases possible in regard to 
lenses, whatever combinations may be formed of convexir 
ties and concavities. We shall then show the application 
of it to a few of the principal cases. It is as foj|ows. 

As the sum of the semudiameters of the two convexiti&^^ 
to one of them ; so is the diameter of the other ^ to the j^M 
distance. 

In the use of this rule, one thing^in particular is t g^p 
obs^t’Ved. When one of the faces of the glass is 
the radius of its sphericity must be considered as infinite; 
and when concave, the radius of the sphere, of 
concai^y forms a part, must be considered as negatargi 
This will be easily understood by those who>^ ace 
li^t iamiliar with algebra, 







1. Wh^n tJte Uns is squally convex on both si^, - 

'/j|^tthe radius of the convexity of each of the faces be, 
tbit exani^e, e^uaf to 12f inches. the general rule we 

8 have thri^jiroportion: as the sum of the radii, or 24 
hi', is to dn^ of thetn, or 12 inches, so is the diamdtOT 
e dtl^r, or 24 inches ,^ld a fourth term, which will be 
ibhesj’the focal distance. Hence it appears that a 
fens equally donvex on both sides unites the solar rays, or 
iii general rays parallel to its axis, at the distance of the 
radius of one of the two sphericities. 

Cas£ II. When the lens is unequally convex on both sides, 

,if the radii pf the convexities be 12 and 24, for instance, 
the following proportion must be employed r<^as 12.+ ^4, 
or 36, is to 12, the radius of one of tlie convexities, so is 
48, the diameter of the other, to 16 ; or as 12 + 24, or 36, 
is to 24, the radius of one of the convexities, so is 24, the 
diameter of the other, to 16. The distance of the focus 
tl^refore will be 16 inches. 

Case hi. When the le?is has one side plane. 

If the sphericity on tlic one side be as in the preceding 
case, we must say, by applying tlic general riiUi*. as the 
sum of the radii of the two s>pherieitie5, v z, 12 and an in- 


finite quantity, is to one of them, or the infinite quantity, 
^0 is diameter of the other convexity, to a fourth 

which will be 24; for tlic two first terms arc equal, 
b^ipause an infinite qnanlitv increased or (iiminislied by a 
quantity, is always the same: the two last terms 
jSifrefore are equal ; and it hence follows, that a plano- 
glass has its focus at the distance of the diameter 
‘wqdi Its convexity. 

When, the lens is convex on (he one side, and 
' comave on the other, 

the radius uf the convexity be still 12, and that of 
tii^;Concavtty 27. As a concavity is a negative conve^dty, 



$22 


LEN&ISt^. 


thi^ .number 27 must be taken with the sig^^ prefixed. 
We shall therefore hare thi& proportion. . - ^ 

As 12 inches'- 27, or — 15 inches, is to the radius of the 
concavity *>27 (or as 15 is to 27, or as 5 is^to 9), sois504 
inches, the diameter of the convexity, to 45|. This^fi^i^ 
focal distance of the lens, and is positive or real ;^.tbat fs>C(!r 
say, the rays falling parallel to the axis, wdl reallyChe 
united beyond the glass. The concavity indeed having a 
greater diameter than the convexity, this must cause the 
rays to diverge less than the convexity causes them to con- 
verge. But if the concavity be of a less diameter than the 
convexity, the rays, instead of converging when they issue 
from the glass, will be divergent, and the focus will be be- 
fore the glj^s: in this case it is called virtual. Thus, if 
the radius of the concavity be 12, and that of the convexity 
27, we shall have, by the general rule ; as 27 1 2, or 1 5, is 

to 27, or as 5 is to 9, so is— 24 to — 434 . The last term 
being negative, it indicates that the focus is before the 
, glass, and that the rays will issue from it divergent, as if 
they came from that point. 

Case v. When the lens is concave on both sides. 

If the radii of the two concavities be 12 and 27 inches, 
we shall have this proportion : as — 12— 27 is to— 27, or as 
39 is to 27, or as 13 to 9, so is — 24 to— 16^. The last 
term being negative, it shows that the focus is only virtti||£ 
and that the rays, when they issue from the glass, will 
proceed diverging, as if they came from a point sitttatj^ 
at the distance of 16xV '"fhes before Ihe glass. ' ’'.5 ; 

Case vi. When the lens is concave on one sidcy and 

on tiic other. ^ 

If the radius of the concavity be still 12, the abo1|i^|^le 
will glye the following proportion: as— 12+An infimte 
quantity, is to an infinite quantity, so is — 24 to— 
an infinite quantity, when it is diminished by a 



9URN1NO GLASSISS. 


quROtityi remains^ still ^the same. Thus it is seen that^ in 
this case, the virtual focus of a plano-concave glass, or the 
point 'wlKte the rays after their refrimtion seem to diverge, 
iaata distance equal to the diameter oV the concavity, as the 
to which they converge is in the case of the piano* 
y^ex g(as8. 

These are all the cases that can occur in regard to lenses; 
for that where the two concavities might be supposed equal, 
is comprehended in the fifth. 

RsMARK.^Tn all these calculations, we have supposed 
the thickness of the glass to be of no consequence in regard 
to the diameter of the sphericity, which is the most com- 
mon case ; but if the thickness of the glass were taken into 
consideration, the determinations would be dijfferent* 

Of Buniing Glasses. 

Lenticular glasses furnish a third method of solving the 
problem, already solved by means of mirrors, viz, to unite 
the rays of the sun in such a manner, as to produce fire 
and inflammation; for a glass of a few inches diameter 
will produce a heat sufficiently strong to set fire to tinder, 
linen, black or grey paper, &c. 

The ancients were acquainted with this property in 
glass globes, and they even sometimes emploved them for 
the above purpose. It was probabl\ l)y means of a glass 
that'^the vestal fire was kindlcii. Some indeed have 
endeavoured to prove, that they produced this effect by 
Jenaes: but de la Hire has shown, that this idea is entirely 
;voi<l of foundation, and ^ that the burning glasses of the 
'arieieiits were only glass globes, and consequently in- 
of producing a very remarkable effect. 

Baron von Tcliirnhausen, avIio constructed the cele- 
brj|ifi|r mirror already mentioned, made also a burning 
glass, the largest that had ever b^en seen. Tiiis 
mdti^ian, being near the Saxon glass manufactories, was 
dh^^od, about the year 1606 , to procure plates of glaw 
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sufficiently thick and broad, to be converted inta lenses 
several feet in diameter. One of them, of this size, in- 
flamed combustible substances at the distance of 12 feet. 
Its focus at this distance was 'about an inch and a half in 
diameter. But when it was required to make it pr^ji^ 
its greatest eifects, the focu^^cts diminished by^meaiis^*^ 
a second lens, placed parallel to the former, and at the 
distance of 4 feet. In this manner, the diameter of the 
focus was reduced to 8 lines, and it then fused metals, 
vitrified flint, tiles and slate, earthen ware, 8cc, in short, it 
produced the same cflects as the burning mirrors of which 
we have already spoken. 

Some years ago a lens, which might have been taken 
for that of'Tchirnhauscn, was exhibited at Paris. The 
glass of which it consisted was radiated and yellowish ;* 
and the person to whom it belonged asked no less for it 
than 500£, sterling. 

,<For the means of obtaining, at a less expence, glasses 
capable of producing the same cflects, wc arc indebted to 
M, de Berniercs, of whom wc have already spoken. B}" 
his invention for bending glass, two round plates are benl 
into a spherical form, and being then applied to each 
other the interval between them is tilled with distilled 
water, or spirit of wdne. These glasses, or rather water 
lenses, have their focus a little farther distant, "and catens 
paribus ought to produce a somewhat less effect'*’ butlj^ 
thinness of the glass aiid the transparency of the water 
occasion less loss in the rays, than in a lens of sevi^jal 
inches in thickness. In short, il is far easier to procurie ^ 
lens of this construction, than solid ones, like 
Tcfiirnbausen. M. de Tvidaine, sonAc years ago, catlSra 
to be constructed, by M. dc Berniercs, one of thes.^|ater 
lenses 4 feet in diameter, with which some philos^PScal 


^experiments have been already made, in regard ta'^the 
c&Icination of metals and other hubstances. iThe hearOT^ 
duced by this instrument, is much superior to that 



LENS£S> 


^6 


llie glasses and mirror^Jiitherto known, and ^en 

to that of all (urnaces. We have reason to ,^pect from it 
new discoveries in chemisltry. We shall here add that 
witb.water lenses, of a much smaller size, M. de Bernieres 
^^fiised metals, vitrdiabl^ stones, Slc, 

PROm^ XLJV. 

Of some other properties of lenticular glasses. 


^ }st. Jf an object be exceedingly remote, so that there is 
no proportion between its distance and the focal distancie 
of the glass, there is painted in the focus of the lens an 
image of tiie object in an inverted situation. This 
perimciit serves as the basis of the construction of the 
camera obscura. In tins manner tlic rays ofT'thc sun, or 
^of the moon, unite in the focus ut a glass lens, and form a 
small circle, which is nothing else than the image of the 
sun or moon, as may be easily perceived. 

2d. In proportion as the ohjeet approaches the glass, 
the image formed by the ra 3 ^s proceeding from the objcict, 
recedes from the glass ; so that when the distance of the 
object is double tliat of the focus, tiie image is painted 
exactl}^ at the double of that distam. o ; if the object con- 
tinues to approach, tlie image recedes more and more^ 
and when the object ivs in the locus, no image is formed; 


for it is at adinfinite distance that it is siippoMjd to form 
ki^f. l^iHis case therefore the la^s wJiieli fall on the 
g&s, diverging from each point ol the object, arc re- 
flated in such a manner, as to proceed parallel to each 

method of determining, in general, the distan||c 
the lens at which the image id tlie object is forni^d, 
is as fpllows. Let ot; be the object (lig. di) pi. 11), OE iC$ 
distlil^^ from the glass, and tr the foettl distance of the 
if we make use of this proportion: as fd is ^ fe, 
to taking EG on the other side of the glass 
is greater than ef, the point g \< ill be that of tlie 
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fV 

to ^ which the point ^ of 
axi^i will coti^spond. 

Hence it may be easily seen, that when the distance of 
the o^ect from the focus is equal ta nothings the distanoe 
EG mnst be infinite, that is to say ^re can be no idittgllgl;; 

It must also be observed when ef is grater 
or when the object is between the glass and the focOS^ 
the distance eg must be taken in a contrary' direction^ or 
on this side of the glass, as winch indicates that the 
inays proceeding from the object, instead of forming an 
image b(^yond the glass, diverge as if they proceeded ffom 
an object placed at g. 

Of '^escopeSy both Refracting and Reflecting, 

Of all optical inventions, none is equal to that of thar 
telescope : for, without mentioning the numerous ad«» 
vantages derived from the common use of this wonderful 
instrument, it is to it we are indebted for the most interest- 
ing discoveries in astronomy. It is by its means that the 
^uman mind has been able to soar to those regions other* 
wise inaccessible to man, and to examine tlie principal 
facts which serve as the foundation of our knowledge re- 
specting the heavenly bodies. 

The first telescope was constructed in Holland, about 
the year 1609; but there is much uncertainl^ip^^regard to 
the name of the inventor, and the means'lier^^iil^loyeddfi 
the formation of his instrument. A disser^tiod on this 
subject may be seen in Montucla*s History of the 
maybics. We shall conhiic oi^b^lves at present to 
sf^jption of the different kinds of telescopes, both reii|b|^' 
ing and reflecting, and of the manner in which 
fffoduce their efiect. 

Of Refracting Telescopes* 

Iflt^ The first kind of telescope, and 
monly used, is composed of a convex glassy calM Ito 
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jfeg ferfy bfecan«e il^^that j^resl the ohjecU, b 
cmd^P^ne^icalJed the e^e~glds^y because it is nearest the 
eye* These glasses must be disposed in such a manner) 
that the podterior focus of the object glass shall coincide 
p^l^the ^sterior focua the concave glass. By means 
^if|i|^hia deposition, the appears magnified in tfie 

yuid^f the focal distance of the object glass, to that of the 
eye^iass* Thus, if the focal distance of the object gtasjsi 
1m 10 inches, and that of the eye-glass 1 inch, the instru- 
ment' frill be 9 inches in length and will magnify objects 
10 times. 

This kind of telescope is called the Batavian, on account 
of the place where it was invented. It is known also by 
the name of the Galilean, because Galileo, lairing heard 
it, constructed one of the same kind, and by its means 
was enabled to make those discoveries in the heavens which 
have immortalized his name. At present, very short te- 
lescopes only are made according to this principle ^ be- 
cause they are attended with one defect, which is, that 
when of a considerable length they have a very confined 
held. 

2d. The second kind of telescope is called the astrono* 
mical, because employed chiefly by astronomers. It is 
composed of two convex glasses, disposed in such a man- 
lier, that, tbi^^osterior focus of the object glass and the 
aD|Brior^^Sl<^8 o!F the eye-glass coincide together, or very 
n^rly so. The eye must be applied to a small aperture, 
distance from the eye-glass equal to that of its focus, 
then have a field f|^t}arge extent, and it will shP^v 
^‘li^^objects inverted, and magnified in the ratio of the ^al 
^H^nees'of the object glassmnd eyo.glass. If we take,i>y 
way 0 ^ example, the proportions already employed, 
ast^JG^ical telescope will be 12 inches in length, and will 
magnify Ig times. ^ 

very great length may be constructed 

Q 2 
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ac^*ording to this combii^ioiu »f^’Ucommoh"(pj.^fBl^ 
mers to have them of 12, 15, CQ and 30 feet. Huy^s 
constiucteU one for himself of 123 feet, and Hevelius ^eoi- 
ployed one of 1 40. But the inconvenience which attends 
the use of such long telescopelt, in consequence of thi^ 
weight, and the heiiding of^tlid tHl)es, has made theiij^ 
laid aside, and another instrument more commodicgisihaji 
been substituted in their stead, llartsocckcr made 'an Osb- 
ject glass of 600 feet focus, which would have produced 
an extraQrdinary effect had it been possible to use it. 

3d. 'PheinconveniciK(3 of the Batavian telescopes, which 
suflFcr only a small qiiantitv of objects to he seen at once, 
and that of the asti onomical telescope, which represents 
them inverted, have induced opticians to devise a tlnrd 
arrangement of glasses, all convex, wliich represents the 
objects uprighr, gives the same field as the astronomical 
telescope, and which is therefore proper for terrestrial 
objects : on this account it is called the terrestrial telescope. 
It consists of a convex object glass, and three equal eye- 
glasM^s. The posterior focus of the object glass generally 
coincides with the anterior one of the first eyi'-glass; the 
posterior focus of the latter coincides also with the ante- 
rior focus of the second, and in like manner the posterior 
focus of the second with the anterior one gjF tlie third,^<lrt 
the^postcrior focus of wiiich the eye ougjl^ placed. 
This instrument always magnifies in the riiMAf the fpcai 
distances of the object glass and one of ^^eye-glasses. 
But it may he readily seen that the length is increa9e^'?4 
times the focal distance ol the eye-glass. 
ej'^li. The image of objects might he made to ap^|4^ 
upright by emplo} ing only two eye-glasses: for this, 
pose it \^ouid be necessaiv tliat the fust should ^ ut a 
distance from the focus of the object glass eqi^l 
its o^n focal distance: and t^ut the anterior ^us .t)| the 
Mohd should be at twice that distance. is 
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telescope witH'tra^e gjiftses ; but experience^-hds 
s^SWn that, by this arrangement, the objects are somewhat 
deformed, for which reason it is no longer used. 

’Sth. Telescopes witli 5 glasses have also been proposed^ 
i|P'^rder to bend the raVs^gradnally, as we may say, and 
lo'^bviat^'.the inconvenicrt^Ts of the too strong refraction, 
which suddenly takes place at the first eye-glass ; and also 
to increase the field of vision. We have even heard of 
^tiie telescopes of tins kind which were attended with 
great success; hut we do not find that tins conib^ation of 
glasses has been adopted. 

^th. Some years ago, a new kind of tedcseope was in- 
vented, under the name of the achromatic, because it is 
free from those faults occuMoneii by the ditl’ercmt refrangi- 
bility of light, which in other telescopes produces colours 
and indistinctness. 'I’hc only dilferencc between this and 
other telescopes is, tliat the object glass, instead of being 
formed of one lens, is composed of two or three made of 
different kinds of glass, ninth have been fomul by expe» 
rience to disperse unecpuilly the different eoloured ravs of 
■which light IS C(nn|)osed. One of tiiese glasses is of crown- 
glass, and the other of fiuit glass. An ooject glass of this 
kind, constructed according to ceiiaiii diiiu nsions deter- 
mined by geopietricians, produi (‘■^ in its focus an image 
hr more^^di^Ti^t than the common ones; on which ac^ 
cotjAt inuc||^||||jialler eyc-glassi*s niav ‘i** employed without 
affecting ihe'distinciness, as is conliruicd bv oxjierience. 


Tfljese telescopes are called also Doltond's tc/c'^copeSf after 
of the Englisli artist who invented, them. By the 
means, the English opticians con^ti uct ielescope^i|f 
a nnoderate length, which arc e.p,,J to others of a far 
greaf^.size; and small ones, not much longer than opera* 
with which the satellites of Jupiter mav be setm, 
afne'imldL'iiUi^er Dollond’s name at [fans. M. Anthec^rue^- 
acei^ing to the dimensions given bv M. Clairanit, mad^, 
coital, an achromatic telescope of 7 feet focal 
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dis^nce, -which when con^ared#^ a corntn^OR^^SO 
or 35 feet, was found to produce the same eBect. ' ' ^ 
This invention gives us re^ason^to hope that discoveries 
-^iil be made in the heavens, which a few years ago would 
haye apj^earcd altogether impo^ttle.^ It fs not improb^ 
ble even that astronomers will.be able to discover in'^^ 
moon habitations and animals, spots in Saturn and' Mei?- 
cury,' and the satellite of Venus, so often seen and so'ofte^ 
lost. f 

To g^H^an accurate idea of the manner in which tefe» 
scopes iifliagnify the appearance of objects, we shall tak^,^ 
by way of example, that called the astionomical telescope, 
as being the simplest. If Jt be yj^ollected that a convex 
lens produces in its focus an inverted image of objects 
which are at a ver}' great distance, it will not be difficult' 
to conceive, that the object glass of this telescope will 
form behind it, at its focal distance, an inverted image of 
any object towards winch it is directed. But, by the con- 
sbfuction of the instrument, this image is in the anterior 
focus of the cye-gliiss, to which the eye is applied ; con- 
sequently the eye will perceive it distinctly ; for it is well 
known, that Avhen an object is placed in the focus of a 
lens, or a little on this side of it, it will be seen distinctly 
through the glass, and in the same dircctioj^. The imftg^ 
of tbe object, which here supplies its 
inverted, the eye-glass, through which it' t\fill 
not make it appear upright, and consequemty tlie object 
will be seen inverted. 

regard to the size, it is demonstrated, that the 
ui^er which the image is seen, is to tliat under which 
object is seen, from the nvmc place, as the focal distai^e 
of the object glass, is to that of the eye-glass; hen^ the 
meg^ffieU appearance of the object. 

'.In terrestrial telescopes, the two first cye-g|p$^ bdly 
insert the image j and this telescope therefore 
present objects upright. But having said 




Of Refecting Telescopes. ^ - 

^ . Those who are well acquainted with the manner in.wfiich 
j^ects are represented by , common telescopes^ will readily 
conceive'lhat the same cflect may be produced by reflec* 
tion I for a concave mirror, like a lens, paints on itS' focus 
jftn image of distant objects. If means then are found to 
Cjeflect the image on one side, or backwards, in such a man* 
tier as to be made to fall in the focus of a ccM^ex glass^ 
and to view it through this glass, we shall have atcflecting 
telescope. It need timrefore excite no surprise that be- 
fore Newton, and in iWe time of Descartes and Mersenne, 
telescopes on this principle were proposed. 

Newton was led to this invention while endeavouring to 
discover some method of remedying the want of distinctness 
in the images formed by glasses ; a fault which arises from 
the different refrangiliilitv of the rays of light that are de- 
composed. Every ray, of whatever colour, being reflected 
under an angle equal to the angle of ineidcncc, the image 
is much more distinct, and bettiT terminated in all its 
parts, as may be easily proved i>y means of a concave 
jpirror. On this account he was able to apply an object 
; glass mnt^^&ailer, which would produce a greater magni- 
fying this reasoning was conBrmed l&y ex- 

Newton never constructed telescopes of more than 15 
J^ches in length. According to his method, the mirror 
placed in the bottom of the tube, and redect^;the 
image of the object towards its aperture : near tliis'^^er- 
ture was placed a plane mirror, tiiat is, the base of a small 
iMlIpeles rectangular prism, silvered at the back, and in- 
clined at an angle of 45 degrees. This small iqirror re- 
the image towards the side of the tube, where there 
gp a hple, into which was fitted a lens of a very short 
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focal distance, to serve as the 
was viewed fioin the side, a method, in many cases, 
cecdingly convenient. Mr. Hadley, a fellow of the Rojlil 
Societv, constructed, in the year 1723, a telescope of this, 
kind, 5 feet in len^jtli, which was found to produce the 
same effect as the telescope of 123 feet, presented to thil 
Royal Society by Huygens. 

The reflecting telescope*:, used at jiresent, are con-* 

. structed in a manner somewhat diflerent. The concave 
mirror, at the bottom of the tube, has a round hole in thp 
middle, towards the other end is a mirror, sometimes 
plane, turned directly towards the other one, which,. re- 
ceiving the image near the midij^e of the local distance, 
reflects it towards the bole in ihe'other mirror^,- Against 
this hole is applujd a lens of a short local distance, which 
serves as an eye-glass, or for viewing terrestrial objects, in 
order that tliey may appear iipiigbt ; and three eye-glasses 
arc used, arranged in the same manner us in terrestrial 
telescopes. 

A telcscojie houever may be made to magnify much 
more by the iollowing construction. Tlie large mirror, 
as in all the others, is placed at the bottom, and has a hole 
in the centre, before whicii the eye-glass is applied. At 
the other end of tlie tube is another concave, mirror, of 
less fp^al distance than the former, and that;^ 

the^4|i^iage reflected by the lormer is paiiite3tp|^*^Bear its 
focus, but at a little farther distuncc than tliel^lis, from 
its surface. This prodiKes another image beyond the 
centre, which is greater a.- the first one is nearer the focus;' 
thisj^^ge is lornied vtry near the hole in the centre 
the wgc mirror, opposite to winch the eye-glass is in 
general Diaced. 

ThisjSnd of reflecting telescope is called the GregO|^ki, 
because propo->cd hv Mr. James Gregory, even before 
Newton conceived the idea ot his; and it tbiii kiofl 
which is at present most in use. 
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the teie 9 <^^pe of, Cassegrain, who employs 
a^nvex mirror to magnify the Image formed by the first 
(^cave one. Dr, Smith thought it attended witli^jsomaiiy 
advantages, that he was induced to analyse it in his Trea- 
tise' on Optics. Cassd'grain was a French artist, whd pfo* 
posed this method of construction about the year f665, 
and nearly at the same time that Gregory proposed his* 
It is certain that the length of the telescope' is by these 
means considerably diminiNhcd. 

.The English, for a long time, have enjoyed a superiority 
111 works of this kind. The art of casting and^.,^lishing 
the metallic mirrors, necessary for these instruments, is in- 
deed exceedingly dithculf. M. P.is>>cmcnt, a celebrated 
French artist, ahd the Mothers Pans and Goriichon, opti- 
cians at Pans, are the liist who attcMiipted to vie with them 
ill this branch ol' maiiufacture ; and both have constructed 
a great numbci ol rcriectmg telescopes, some of which are 
5 or 6 feet in length. Among the KnglKh, no artist dis- 
tinguished himseir more in this respect than Short, though 
his telescopes w( re not of great length : bi^sides some of 
4, 5 and (i feet, he made one of « hicli belonged some 
years ago to the physician of Lord iMiicclesfield. 15y ap- 
plying a lens of tlie slioitesi focal distance which it could 
beai’i it magnified about 1200 nines. "J’lie satellites of 
Jupiter th47^i^orc, seen through tins reiescojie, are said to 
have hadtr^illlble apparent diamelt i . Put tins telodeiipe, 
as we have m^rd, is no longer in exi-.ience, the large mir- 
reV being lost. 

^ The longest of all the reflecting telescojies ever yet 
<!^istructcd, if we cxcejit that lately made by llerscM^j^ 
one in the kingN collection of philosophical and opti^l 
instruments at Ja Meutc ; it is the work of dom Noel, a 
Bunta^ietjne, the keeper of the collection, and was begun 
several years before he was placed at the head of that 
estabiifihment, where he finished it,’ and where the curious 
we^^llowed to see it, and to contemplate with it the 
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heavent. It is mcMted on a kind of moveaM^ 
and, notwithstanding its enoimous weight, can be ino|^ 
in every direction, along with the observer, by a v^y 
simple mechanism. But what wouj^ be most interesting, 
is to ascertain the degree of its power, and whether it pro* 
duces an effect proportioned to its length, or at least con^ 
siderably greater than the largest and best reflecting tele- 
scopes constructed betore ; tor we know that the 
of these instruineuts, supposing the same excellence iti 
the workmanship, do o^ot increase in proportion to the 
length. r 

Huygens* telescope of 123 feet, which he presented to 
the Royal Society, did not produce an eflccc quadruple 
that of a good telescope ot 30 feet ; and the Cffcse must be 
the same in regard to i t fleet. iig telescopes, where thedif<* 
Acuities of the labour are still greater; so that if a tele- 
scope of 24 feet produce one half more effect than another 
of 12, or only the double of one of 6 feet, it ought, in our 
tlpinion, to be considered as a good instrument. 

We have heard that dom Noel was desirous of making 
this comparison, and the method he proposed was rational. 
We have Jong considered it as the only one proper for 
comparing such instruments. It is to place at the distance 
of several hundred Icct printed characters of every sifl^, 
.composing barbarous words without any m^pli&f^in 
thdt toose who make the experiment may" assisted 
by one or two words tt'. guess the rest. The telescope by 
njicans of which the sni.illcst characters are read, will un- 
douhtedly be the best. We have seen stuck up, on ^ 
of the Hospital of Invalids, pieces of paper of ^IfSr 
kind, w'hich dom Noel h;. I placed there for the purpose of 
makiilg^ this comparison ; but unfortunately such instru- 
iQients cannot be brought to one place. Printed chaiifeteirs, 
.iiheh as above described* might therefore be fixed up at a 
"“eonvenient distance from each, without removing the iui- 
strumeats, and persons, appointed for the porpose^ljij|| ^ 



ttf lfii& diflbrerH:' observatories, times when tbe 
v|||lther is exactly similar, and examine what cbaraeters 
C^'be read by each telescope. By this method a 'positive 
ad^Wer to the above question would be obtained. 

. ^Bpt'the largest, and the most powerful, of all thes’edecdng 
telescopes, have been lately made by Dr. Herschel, 4nder 
the auspices of the British monarch ; a consequence of 
widcb was the discovery of his new primary planet, and 
qf .many additional satellites. After a long perseverance 
iri'a series of improvements of refecting telescopj^, of the 
Ilfewtonian form, making them sticcessively raider and 
more accurate, this gentleman came at length to make one 
of the atpazing size of 4^ feet in length. This telescope 
was beguri^in the year 1785, and completed in 1789. The 
length of the sheet iron tube is 40 ftiet, and diameter 4 feet 
10 inches. The great mirror is 49-*- incfics in diameter, 
inches thick, and weighs 2 1 1 8/^. The whole is managed 
by a large apparatus of machinery, of wheels and pulleys 
by means of which it is easily moved in any direction^' 
vertically and sideways. The observer looks in at 'the 
outer or object end ; from Avhence proceeds a pipe to a 
small house near the instrument, fci conveying informa- 
tion by sound , backward and forward to an assistant, who 
tl^s under cover sets down the time and observations 
by J^ij^s^incipal obiserver. Tiiq consequen^esAwf 
this", ancFwil^jjjtlier powerful machii.es of tliis gentleman, 
have been new discoveries in the heavens of the most im- 
portant nature. r.. 
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V ' 


Metkod of constructing a telescope^ by means of which an 
objec* may he sem^ coen when the instrument ap^ars to 
i^ccted towards anoth&r. 


As it is not polite to gaze at any a)ne, a sort of glass has 
been inventeiJ in England, by means of which, when the 
l^jggBfewho uses it seems to be viewing one object, he is 
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er. 


The construction of tbisi^^U< 


really looking at anOtii 
ment is very simple. ’ 'W 

Adapt to the end of an opera glass (djg. 40 pK 11)', the 
objrct glass of which in this case b^pinEs useless, a tube 
with a lateral aperture as large as the diameter of the tube 
will admit, and opposite to this aperture jiLce a small mir- 
ror inclined to the axis of the tube at an angle of 45 do^ 
grees, and having its reflecting surface turned towards tb^ 
object glass. It is evident that when tins telescope is di- 
rected sttaiglit ft)r\var(j^, vou will see only some of the 
lateral objects, viz, i hose situated near the line drawn from 
the eye in tlie direct ion of the axis of the telescope and 
reflected by the rniiror. These objects vj ill appear up- 
right, but transposed Irom right lo left. To conceal the 
ihifice better, the fore p^^rt ol the telescope may be fur- 
nished with a plane gl.iss, which will have tlic appearance 
of an object glass phiceil in the usual manner. 

. This instrument, wdncli is not very common in France^ 
iii>exceedmgly convenient for gratifying one’s cunos ty in 
the "playhouse, and other places of public amusement, 
especially if the nnrror be so fixed, as to be susceptible of 
bfeiiig'more or, less inclined, lor those who use it, while 
they seem to look at the stage and the performers, may 
without aflcctatioii, and without violating (.Iiq rules , 
politeness, examine an mterestfng figure ' 

We' must howevei observe that tlie first ide* oT this in- 
strument is not very new', for ihe celebrated Hevelius, 
Vbo it seems was afraid (A being shot, proposed many years 
ag^'Ms polemoscope, or t' ie>cope for viewing under covei^ 
artd^w'ithoiit danger, waihke operations, and'those in pstrl’ 
ticnlar^yvhicli take place luring tlie time of a siege. It 
consist® of a tube b^nt in such a manner as to form two 
elbows, in each of which was a plane mirror inclined'^t RU 
angle of 45 degrees. The first part of tiie tube w as'ib'a'd^ 
rMfest on the parapet towards the enemy ; the image re- 
flected by the first inclined mirror passed through i 
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an '^^rpeiltdicular direction, and mel^iig wHh the second 
'^rror was reflected horizontally towards the eye glass, 
where the eye was, applied ; by these means a person be^ 
hind a strong could see what the enemy were 

doing without the ^lls. Tlip^ chief thing to be appre- 
hended in regard to this instrument was, that the ^.Object 
glas$ might be broken bv a ball ; but this was certainly a 
trifling niisforiune, and not very likely to happen. 


Of Microscopes. 

\Vh?Lt the telescope has perCoriofed in the phiKkophy of 
the hciivenly bodies, the microscope has done in regardf^to 
that of the terrestrial : for by the assisttiiice of the latter 
we have been able to discover an order of beings which 
would otherwise have escaped our notice j to examine tlje 
texture of the smallest of the pioductioos of nature, and 
to observe phenomena which take plate onlv among the 
ilgiost minute parts of matter. Nothing can be more curi- 
ous than the (acts which have been ascertained by the 
sistance of the inierosc»)pe : but iii this pail of science 
much still remains to be done. 

There are two kinds of microscopes j simple and cogi- 
pound we shall speak of both, aixi begin with the/ormcr. 


r - PKOB^EM xr.vj. > . 

of constructing a siug'e 'Vikroscope. ^ 

I. Every convex lens of a short Io'mI distaiue is a mi- 
croscope ; lor it is shown that a lens n.agnilles in the rati^ 
the focal distance to the least distance at which thf^jqib-: 
|cct can be placed to be distinctly seen ; w Inch, in regard 
to most men who are not short-siehied, is aooiit 8 inches. 
Thus a lens, the local distance ol winch :s 6 litj^, will 
magnify the dimensions of the objeei 1 G times ; if its focal 
distance be only one line it will magniiy 1-^6 times. 

II« It is diflicult to construct a lens of so short a focu^f 
asj^l^ necessary that the radius of each of its convexities 
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should be Only a ; for thls^ reaSfth smai! gfifsa^fbes, 
fused at an enamelfer’s lamp, or the flame of a taper/'H^ 
^employed in their stead. The method by n^hich thia b 
done, is as follows. 

- 'Break off a piece of very pure tratf'sparent glass, either 
by means of an instrument made for that purpose, 'or the 
wards of a key; then take up one of these fragments by 
applying to it the point of ^ needle a little moistened 
saliva, which will make it adhere, and present it to the blue 
fkme of a taper, which^ynust be kept somewhat incHned 
that the' fragment of gross may not fall upon the waxt. As 
^n almost as it is held to the flame it will be fused into a 
round globule, and drop down : a piece of |>aper there* 
fore, with a turned up border, must be placra bOlow", in 
drder to receive it. > 

^ It is here to be observed that there are some kinds' of 
glass which it is diflicult to fuse : in this case it will be nd« 
Chisary to employ another kind. 1!^ 

•t. Of these globules select the brightest and roundest; 
theh^take a plate of copper, 5 or 6 inches in length,' and 
about 6 iinesin breadtii, and having folded it double, tnidee 
a hold iD..it sdme.what less in diaineter than the globule, 
apd rs^e' i:^ "the edges. If you then lix ooe-of‘tbe^e 
globules in this hole, between the two plateS,'and b£ld;. 
thfer ftrmly together^ you wil^ave a sin^9;|^jpsoo|rilP' 
Atf^ft is easy to obtain globules of j. line in 

diameter, and as the focus of a glass globule at the 

'ili^tance of a quarter of its diameter without it, ‘Wfe aro 
, envied by this process to magnify objects in a Very big^ 
de^e; for if the diameter of the globule^ only^^iiilt, 
bylBmjdoying this profortion: as of half a lino, Or 
are tajif^96 lines, so is i to a fourth term, we shall have as 
fourth' term the number 153, which will express 
grease of the diamctei; of the object. The object/ tfaere>* 
in regard to surface will l>e magnified S34^ tftlMA, 
and in regard to solidity 3381677 times. 
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Lewenhoeclc, so wel^nowSl^n aocomit 
microscopical observations^ never employed micro- 
scopes of any other hjnd, however c^tain that they 
are attended with many inconveniences^ and can be used 
only Ibr objects which are transparent, or at least semi- 
transparent, as it may be readily conceived that it is not 
possible to illuminate a surface which is viewed in any 
Other way than from behind. .By moans of these micro- 
scopes Leivenhoeck made a great number of curious ob- 
senrations, an account of which .will be found hereafter^ 
ttltderthe head Microscopical ObseVationB. 

HI. The water microscope of Grav, which is muih 
siiBpIer^^may be constructed in the foilow'ing manner. 

Provsi^e'la plate ofiead, f ot a line in thickness at most, 
and make a round hole in it with a needle or a large piu^ 
pare the edges ol’ this hole, and put into it, with the point 
of a feather, a small drop of water : the anterior and pos- 
UVior surfaces of the water will assume a convex spbcricj^l 
form, and thus you will have a microscope. 

The focus of such a globule is at a distance someWh^ 
greater than that of a glass globule of equal size ; for the 
focus of a globule of water is at the distapco of the 
frooi its^surface. A globule of ivatcr iherelore,!^ a;Une in, 
Ammeter, 'will magnify only 128 times \ but this deficiency 
ItliiUy compensated by the ease with which a giobq{^’of ' 
any diameter, however small, maybe obtained. 

If water be employed in which leaves, wood, pepper, or ' 
flout has been infused, in the open air, ihe niiciosoope will.* 
by both object and instrument ; for by tins means the small ' 
micrOM^pic mumals which the water contains will be teCQ. 
Mr. Gray was very much astonished, the first time, he^jo^- 
iiervcd rbis phenomenon ; but ii afterwards occurre^O him 
tbot the posterior surface of the drop produced, in regard 
to those animals plat'ed between it and its focus, the same 
cfliteto a concave mirror, and magnihed their imagoii^. 
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which wa^^ll faf^r enlarged by the hind of (fon^SK^^ens 
of the anterior surface. ' ’ 

IVk Another; kind of mioroscope may be also procured 
at a very smalf ex pence, by making a hole of about the 
fourth or the fifth part of a line in cltameter, in a card or 
very thin plate of metal. If very small objects be viewed 
through this hole, they will appear magnified in the ratio 
of theit^ distance from the eye, to th.it at which an object 
can be distinctly seen hy’thc naked eye. — Tins kind of 
mioroscope is much extolled in the Journal de Tramux; 
but wc must confess tfi^^ we never could see small objecta 
distinctly through such holes, unless at the distance of au 
inch or half an inch ; and even then they did not appear 
to be inucli magnified. 


PllOTH.EM XLMI. 

•» 

Of Compound Microscopes. 

.j. The compound micio'scope consists of an object glass, 
^irnicli is a lens of a very short focus, such for evample as 
4 or 6 lilies, and an eye-glass of 2 inclies focus, at the 
distance from it of about 6 or 8 inches. The object must 
^>e placed a little biyond the focus of the olijoct glass, and 
the distance of the eye from the eye-glass ought to be 
equal to the focal distance of the latter. Hating formed 
jsuoh 9, combi nation of glasses, if the object be made to ap^ 
pYOj&ch gently to the object glass, there will be a certain 
point at which it will appear to be considerably magni- 
fied. 

'■ If the focal distance of the object glass be 4 lines, for 
eiatnple, and if the object be 4/ hnC'- from it, th^ image 
ugli' be formed at the distance of 64 hues, or o inches 4 
lines.: dt will therefore be 14 times as large as the object, 
for 1^4'^ to 4i nearly as 14 to 1. 11 the focal distance of 

the eyeglass, in the focus of whiL.li lini image is formed, 
2 inches, it will magnify about 4 times more ; but 14 X 4- 
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s= 56 ^.Tirhich expresses the number of times ttiai the dia- 
meter of tlie object will appe^ir to be niugnified. 

If you are desirous that it should not magnified so 
much, remove gradually the object from the object glass, 
and j»nng the eye-glass nearer; the image will then be 
seen not so large, but more distinct. 

On the other hand, il 3^011 wish it to be magnified more, 
move the object gradually towards the object glass, or 
move the latter towards the object, and remove the eye- 
glass ; the object will then appcur.much larger; but there 
are certain hniits beyond which everything scernsconfused. 

Instead of one eyc-glass, two are sometimes used to in- 
crease the held of vision ; the first of which has a focal 
distance of 4 or 5 inches, while that of the second is much 
less; but this is still the same thing. The image of the 
small object nvs .T be placed, in regard to this compound 
eye-glass, in the same point where an object ought to be, 
to be seen distinetl^' uhen viewed through it. 

A concave object glass might be eniplo}cd, by makiug 
its posterior focus eoinciJc with t’oe image: this woum 
form a kind of microscope similai in tiu* Ikuavian tele- 
scope ; but It would be aitend(*d uit'i the same inconve-» 
ijii?nee, that of having too contrair. d a field. 

There are also roliectii.g niici oscopes as well as tele- 
scopes: the principle of both is the same, a minute object 
placed v’-ery ncai the focus of a conc.e *’ mirror, and on this 
side of ii, in regard to the ccntic, r. rlects an image of it 
beyond the centre; and this image will be larger lh& 
nearer it is to the focus. The image is viewed through a 
convex lens, and in this kind of microscope an object glass 
of a much shorter focus may he emtd,oycd, w hich will con- 
tribute to the amplification of the obu ct. 

Every thing relating to this suliject may be found in a 
very curuuis w’ork by Baker, entitled the Alii ro6Cope 7nade 
easy. The reader may consult also Smith’s Optics, I^art 4* 
The*jc works, and particularly the first, contain a great 

VOL. II. It 
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vaiicty of curious 'details lespccting the method .^' tem- 
ploying microscopes, and the observations made by meftns 
of them. Se®*||Iso Essais de Physique de Muschenbroeck, 
We intend to give an account of the most curious oh* 
servations which have been made by tlie assistance W the 
microscope ; hut to avoid confusion we shall rescwe that 
article for the end of this part of our woik. 


PROBLEM XLV III. 

A very simple method ^^ascertainmg the real magnitude 
object sem through a microscope. 

It is often useful, and may sometimes 'rratify curiosity, 
to bp able to determine the real inagnitnde of certain ob- 
jects examined by means of the microscope: tfe following 
Very simple and ingenious method for this purpose was in* 
vented by Dr. Jurin, a celebrated philosopher, and a fellow 
of the Royal Society of London. 

^.Take a piece of the finest sdver wire possible to be ob- 
^lained, and roll if; us close as you can around an iron 
cylinder, a few inches in length. It will be necessary to 
examine it with a microscope, in order to discover whether 
diere be^any Vacuity or opening between the folds: by 
these means you will ascertain, with great precision, tl^fe 
diameter of the silver wire. For if wc suppose that theye 
turns in the space of an inch, it is evident ihaf 
the^iameter of the wire will be the 320tli part of an inch ; 
a measure which cannot be obtaincci in anv other nnnnner. 
^I'Tlien cut this silver wire into very small bits, and scatter 
a certain quantity of ti fin over the small plate on which 
the objects, submitted to examination, are placed rdf you 
look at^tbese bits of wir< along with the objects, you will 
be comparing them together, to judge of the' 

sizeW^ the latter. 

pit was" by a similar process that Di. Jurin determined 
i size of the globules which give to blood its red colour, 
first found that the diameter of his silver Mire wasr the 
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of an inch, and then judged, by comparison that 
t{ie diameter of a red globule of the blood was a 4th part 
of that of the wire ; from u hieh he concitii^^d that the dhi- 
nieter of the globule was the I940ih part of an inch. 

IMIOBI.KM XLIX. 

‘ To construct a Magic Picture, whuh being seen in q, certam 
point, iluaiigh a glass, shall exhibit an object' different 
from that seen ’with the naked' eye. 

As this o]jlical prohleni is solved^y means of a glass cut 
into facets, or whal is <;alled a irJuftiplying glass, wc shall 
first explain tlic nature of such glasses. 

Multipljriiig glasses are generally lenses, plane on one 
. hide, and onthe other cut into several facets in the form of 
a polyedron; ofthisknnl is the glass. represented fig 41 
and 42, plate 12, uIkmc it h seen m front, and alsd edge- 
uiso. It consists (/f a [ilane hexagonal facet m the centre, 
and SIX trapeznnns arranged louml the circumference. '* 
These glasses have the properly of leprcsenting tlie 
object as many times a.s there ate facets ; for if we suppose 
the object to be o, the ra\s uhich piocf ed from it fall upon 
all the fiiciits of the glass ad, dc, • a. Those which tra- 
verse the facet nr, p.us through it a,, throiigli a plane glass 
interposed between the eve and the object; hut the *;ays 
that protced fiom o, to the inclined facet ad, cxf:^ncnpe' 
a double refrai.l'on, \\l)icii makes i-.i n converge tdWRi^s 
the axi'* ot., nearly as they would do d tht;v fell upon tiie 
spherical surface, ui ubiclt the glass jiolyedron might be 
inscribed. The eye, heing placed in the common point of 
concurrericey^'cs the pfual o, at ui, in the coutuiuatiori^'of 
the radius kf ; co.ise»pieutIy an nr i of the points Cjj’dif- 
ferent from the Idimer, will be observed. As 
thing takes place in legard to each facet, the objecit will 
be seen as many times as there arc facets on the glass, and 
in different ))laces. 

Nqw if we suppose a luminous point in the axis of th% 
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glass, an& at a proper distance, all the rays which'cti^oa 
one facet will, after a double refraction, proceed to a piece 
of white papea;piacc<l perpendicular to the axis continued, 
and paint on it au image of that facet of a greater or less 
size, and which at a certain distance will be invArted. 
Consequently, if we suppose the C5'e to be substituted in- 
stead of the luminous point, and that the image itself is 
luminous or coloured, the rays which proceed from* that 
image, or part of the paper, will terminate at tlie eye ; and 
iltey will be the only 04^ that reach it after experiencing 
a double refraction on thfe same facet : If the like reason- 
ing be employed in regard to the re^r, it may be easily 
seen that, when the eye is placed in a lixed "jpoiht, it will 
observe through each facet only a certain pollution of the 
paper, and that the whole together will hll the held oi 
vision, though detaclied on the paper ; so that if a certain 
paitof a regular and continued picture, be painted on each, 
they will all together represent that picture. 

The artifice then of the proposed magic picture, aftei 
having lixed the place of the eye, that of the glass and the 
field of the picture, is to determine those portions of the 
picture wdiich shall alone be seen through the glass; to 
paint upon each tlic determinate portion, according to a 
subject, such as a portrait, so that when united 
■ j^eiTti^ythev may produce the painting itself; and iii«^A’ 
to fill up the remainder of the field of the picture 
with" any thing at jilcasure; but arranging the whole in 
such a manner as to fo' rii a regular subject. 

Having thus explained the principle of this optical 
^musern^At, we shall now show how it is to b^i^.put in 
practice. 

fig. 43 pi. 12, represent a board, at the cx- 
of which is fixed another in a perpendicular direc-’ 
j^Qii, having at its edges two pieces of v ood with grooves, 
receive a yuece of pasteboard, covered with w hite paper 
"or canvas. This pasteboard, which may be pushed in or 
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dra^;^ut at pleasure, is the field of the intend^ picture : 

EDH is a vertical board, the bottom part of which must be 
contrived in* such a manner, that it can be('brought nearer 
to or farther from the painting ; and towards the upper 
parf^t IS furnished with a tubo^. haying at its anterior ex- 
tremity a glass cut into facets, and at the other a piece of 
card, in which is a small hole made by means of a needle, 
and to which the eye is applied We shall here suppose 
the glass to be plane on one side, and on the other to con- 
sist of six ibomboidal facets, plac^:^ around the centre^ and 
of six triangular ones w'lncli octfifpy tlie reiiiainaer of the 
hexagon. \ 

Whenffy'ery thing is thus prepared, fix the support/ on 
at a cci^taik; distance Iroiii the field of the pictuiv, accord- 
ing as you are desirous that the parts to b(‘ dehnea*^ed 
should be nearer lo or fartlier from each oiIut, But this 
distance ought, at least, lo be i times the diameter of the 
sphere in which the poiyedron of the glass could be iu** 
scribed and the dislaiK i* of the eyi* frou) the glass may bo 
C(]Ual to twice that diaiiKJter. Then place the eye at rile 
hole K, the distance of which has heen thus determined, 
and with.a •'stick, having a pencil at tlie end of it, if the hand 
cannotT^ach the pasteboard, truce out, in as light a man- 
ner as possible, the outline ol the space observed through 
01^ facet, and do the same thing in regard to 
Tins operation will retjuiie a great 'h al of accura^3|/lld 
patience; for, to ten. lei the work pcoo'ct, no perceptible 
'interval must In* left between the two sjj ices seen through 
two contiguous facets : it will be better 0:1 tlie w hole if they 
rather ^croaph a little on each other, ('are must also be 
taken to mark each space wnth tli ' same number as that 
assigned to each facet, in order that they may b^jsfgani 
known, l^his however will be easy, by observing tfiAf the 
space cort'esponding to each facc^ is ulwa 3 's trunsferrgd 
parallel to itself from top to bottom, or from right to 
on the other side of the centre. 
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[ling is to delineate the regular pic 
tended to be seen, and to transpose it into the spades 
where it appe^s distorted. According to mathematical 
accuracj^ it would he necessary for this purpose to form 
a projection of the glass cgtjnto facets, supposing th#^ eye 
at the distance at which it is really placed ; but as we sup- 
pose it a little more remote, we may without any sensible 
error assume, as the field of the regular picture, the vertical 
projection, as seen fig. 44 u*. 1, where it is represented 
such as it would appc4^tp the c\c placed perpendicularly 
above its centre, and lit it very consi(lerdl)lc distance. 

Delineate in the field, \\hicl) in this case .will he hex- 
agoi^I, and composed of 6 rhomboids and fi any 

figure whatever, as a portrait for exain^, afVd^tfeti, con- 
sidering that tih$ spsl[ce abed is that where the j?fyrtit>n of 
the picture iiiiirkcd'i ought to appear, it must he trans- 
ferred thither with as much care as possible ; do tlie same 
thing in regard to the rest; and by the>c means the princi- 
'part of the picture will he completed. But^as it is 
iot^nded to shew something else beside what oijglit to be 
seen, it must he disguised by means of some other ob- 
jects painted in the reanaining part of the field, making 
them to iiarjnonizc with v hat is already ])ainted|1n.such^a, 
maQacr, that the whole^^sball apjiear to form One 
^R^^nnected subject. All this however must dependin'' * 
thi ^tSfe and genius of the artist. 

In the Perspective curieuse of father "Niceron, a much 
^pre minute cxplaiiati'Mi of the whole process may be 
^fbund. Tliose to whom what is here said diies not seem 
i^iiifficienti must consult that work. Niceron tellj^^s that 
he exi^uted, at Paris, an(' liepositpcl iii the library of the 
of the Place Royalc, a picture of this kind, whieb : 
wliOT'fen with the nal<ed eye represented fifteen portrait* 
jo£ Turkish Sultans: but when viewed throusrfcP the crlaiMi 
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in thp year 175$, in the exhibitio;|^om of tiie 
Boya) Acadfiiiv of Painting. To the naked eye, it was 
an allegoricaJ pictyirc, winch represented the Virtues, 
witfi Uieir attributes, properly grouped ; frnt when seen 
through the glass, it exhibited .^he portrait of £l)ius the 


15th. 

Remarks. — l^t. It 




IS 


necessary 


to observe that the 


place of the glass, when once fixed, must be invariable ; 
for as glasses perfectly regular cannot be obtained, if they 
are moved it will be almost impossible to replace tlicui in 
the proper point ; hence it will ^J^nfecessary to be assured 
that the gjass is of a good quality; for if it be too alkaline, 
and happcp'to lose its polish by the contact of the air, 
£^notheK^a^I^^Ie pf producing the same effect caring be 
substitute in its Stead. This is uq iEccident whieb, ac> 
cording to what lu* iiavc beard, hapffehed*^to the glass of 
Vanloo’s pictuie. 

2d. Instead of a glas<;, like that employed in the above 
example, or of one more compounded, a plain pyramided 
glass mi'l^ht be employed, by which the problem would oc" 
greatly siuiplined. 

3d, A glass, tlie portion of a [insroj Ciit into a great 
number 0f planes parallel to its axis, might ati^be em- 
ployed; do this case the painting to be viewed tlirough 
glass ought to be delineated dti p.irallel bands.' 

4th. A glass might be iormed t-'’ several conjs^fltljd ^ 
conical surfaces, or of several sphencai surfaces of diifeyent 
diameters, likewise concentric : in this :asc the picture to 
be viewed through the glass ought to be distiibuted lii 
differ^l^t concentric rings. 4 ^ 

5tb.“ A magic jneture might be formed by reflection. 
For this {lurpose, ))rovide a metal minor with fa'w^Avell 
polished, and having very sharp edges ; place it, 

in a direction parallel to its axis, a piece of white paper or 
card, and by means of the principles above cxplai]| 
delineate u picture, which when viewed in front by 
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naked eye ahiiU represent a certain subject ; if yoi^^ien 
make a hole in the middle of tim picture, and look through 
this hole at the image of it formed by the mirror, it will 
appear to, be entirely dilFcrcnt. 

prqEleiu l. 

To construct a Lantern, hy 'means of which a book can be 
read at a great dibtunce, at night. 

Construct a lantern of a cylindnc form, or shaped like a 
small cask placed lengtlnyise, so that its axis shall be hori- 
zontal; and in one entf -of it fix a jiarabolic mirror, or 
irieiely a spherical one, the focus of which falls about the 
middle of the length of the cylinder: if a taper or lamp 
be then placed in this focus, the light will be reflected 
through the open end, and will be so strong that very 
small print may he read by it at a great distance, if looked 
at through a telescope. Those who see this light at a 
distance, if standing in the axis of the lantern continued^ 
will imagine tliat tliey see a large fire. 

I’KOBIEM Ll. 

To construct a Magic Lantern, 

The name of magic lantein, as is well known, ia.given 
to an optical iie-trument, by means of which figures greastly 
magnified may be represented on a white w^all or cio|ih*, 
Thisjostrument, invented, we believe, by Father Kircher, 
a Jesuit, has becouu', a u elul resource to a great number 
of people, who gain tl cir livelihood hy exhibiting this 
spectacle to the populace. Hut though it has fallen into 
vulgar hands, it is iievei tlieless iugemous, and deserves a 
place in tins work. ^V • shall therefore describe the 
metUdtJejOf coll^^ructiIlg it, and add a few observations, 
whicliv-m^y to improve it, and to render it more 
interesting. 

. '.fjirst, provide a box about a foot square (fig. 45 pi. IS) 
of tin-plate, or copper or wood, and make a hole towards 
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the'^l^dle of the fore-part of it, about 3 inch^^n^diametcr : 
into this hole let tliere be soldered a tube, the interior 
aperture of which must be turnislicd with a very trans- 
parent lens, having its focus within the box, and at the 
distance of two thirds or three fourths of tlie breadth of 
the box. In this focus place a lamp with a large wick, in 
order that it may produce a strong hglit; and that the 
machine may be more perfect, the lamj) ought to he move- 
able, so that it can be placed exactly in the forms of the 
lens. To avoid the aberration of 'aphcrieity, tlie lens in 
question inav he formed of two len^^es, each of a dou))le 
focus. This, in our opinion, would gieatly contribute to 
the distinctiTfess of the picture. 

At a sidall distance (rom the aperture of the box, let 
there be a slit in the tulie, f«)r which purpose tins part of 
it must be square, capable of receiving a slip of gia^s sur- 
rounded by a frame, 4 inches in breadth, and of any 
length at jilcusuro. Various objects according to fancy 
are painted on this slip of glass, with transparent colours j. 
but in general the subjects chosen ar'* of the comic and 
grotesque kind (fig. 4G pi. 13). 

Another tube, furnished with a ]er>s of about 3 inches 
focal distance, must be fitted into ilu^ former one, and in 
sUch a manner, that it can he drawn out or pushed in as 
may be foviiul necessary. s 

Having thus given a ilescripiion of {;■ machine, Mre shall 
now explain its eireci T’lie lamp hcuig lightoid, and the 
machine placed on the table opposite to a white wall, if it 
be exhibited in the dav time, shut the windows of the apart- 
ment, and introdiieo into the sht above mentioned one of 
the painiffl slips of glass, but in su. h a manner that the 
figures nay he inverted: if the moveable tube be then 
pushed m or drawm out, till the proper focus is obtaiirtcd, 
the figures t'n the glass will be seen painted on the w'all ii? 
their proper Cvdours, and greatly magnified. : / 

' If the other end of the moveable tube be furnished with 
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a lens of a macli greater focal distance, the luminoi^f^Id 
will be increased, and the figures will be magnified in pro* 
portion, ft will be of advantage to place a diaphragm in 
this moveable tube, at nearly the focal distance of this first 
Jens, as it will exclude the fays of the lateral objects, and 
thereby contribute to render the painting much more 
distinct. 

Wo have alre.uly said that the small figures on the glas* 
must be painted witli transparent colours. The colours 
for this jmvposo may be^made in the following manner: 
red by a strong infusion of Brasd wood, or cocliiiical, or 
carmine, according to tfie tint rctjnircti; green by a so- 
lution of verdigris; or for dark greens, of martia} vitriol 
(snlphtiie of iron); yellow, by an infusion of yellow berries; 
bine, b)' a solution of vitriol of copper (sulphate of copper); 
these three or four colours, as is well known, will be suf- 
ficient to form all the rest: they may be mixed up and 
rendered ten.icions bv means of verv pure and transparent 
gum-water, after w Inch they will be fit for painting on 
glass. In most machines of this kind, the paintings are so 
coarsely exi'cnted, that thev cannot fail to <3yeite disgust ; 
but if they aie luatly designed, and well finished, this 
small optical exhibition must ufi'oid a considerable degree 
.of pleasure. 

! "' -V,- VROBI.KM IJI. 

Method of coiisnncicng a Solar Microscope, 

The solar microscope, for the invention ol which we 
aye indebted to Mr. l.uberkun, is nothing else properly 
speaking than a kind o( magic lantern, where the sun 
pcrfoums the part of lit l.i’iip, and the small objects ex- 
posed 00 a glass or tfie p'unt of a pm, that of the figures 
painted on the glass sups of the latter. But the following 

a more minute dest riptioii of it. 

' ;^akc d round bole in the window shutter, about inches^ 
ill diameter, and place in it a glass lens of about 12 inches 
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focal Stance. To the insiJe of the hole ^(Bapt a tube 
having^ at a small cliMiance from tiie Ions, a slit or aperture, 
oapable of receiving one or two very thin plfttes of glass, 
to wh^ch the objects tf) ho viewed must be affixed by 
means of a little gum water exceedingly transparent. Into 
this tube fit another, furnished at its anterior extremity 
witi) a lens of a short focal distance, such for example as 
half an inch. If a mirror be then placed before the hole 
in the window shutter on the outside, in such a manner as 
to throw tlie light of the sun into the tube, voii will have 
cl solar microscope. I’lic method of employing it is as 
follow s. 

Having darkened the room, and hy means of the mirror 
reflected the .sun’s rays on the glasses in a direction parallel 
to their axes, place some small object between the two 
moveable plates oi’ gl<iss, or affix il to otu* of them with 
very transparent ginn water, and bring it exactly into the 
axis of the tube: if the moveable tube he then pushed.m 
or drawn out, till the object be a little beyond the locu9, 
it will be seen painted very distinctly on a card or piece of 
white paper, held at a pioper distance ; and will appear 
to be greatly magnified. A small in>- et, siicli as a flea for 
example, may be made to appear a? large as a sheej), or a 
hair as large as a walking slick: by means of this instru- 
ment the eels in vinegar, or flour pastr, will have the ap-, 
pearance of small serpents 

Kk.mark. — As t!i( am is not stationary , this instrument 
is attended with one inconvenience, w hich is, tliat as this 
luminary moves with great rapidity, tlie mirror on the 
outsidQ retpiircs to be contmiiaily adjusted, 'i'his defect 
howcvei .■>’Gravebande remedied by me ans of a very in- 
genious maihinp, whicli moves the minor in such a man- 
ner, that it ahva 5 s throws the siin’s rays into the tube. 
This iTiachmo, therefore, has beeiy distinguished hy the, 
name of the soUsta. 

Seme curious details respecting the solar microscope 
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may be sceh' in the French Translation of Smith’s 0|>£ics, 
where several useful inventions for improving it, and for 
which we are indebted to Euler, are explained. A method,^ 
invented by iEpmus, of rendering it proper for repifi^sent- 
ing opake objects, wdl be found there also. It consists 
in rellccting, by niCans of a large lens and a mirror, the con- 
densed light of the sun on the surface of the object, pre- 
sented to the object glass of the microscope. M. Murnen- 
thaler, a Swiss optician, proposed a ddferent expedient. 
But solar microscopes arc still attended with another in- 
convcMiieiice : as the olijoctsare voiv near the focus of the 
first lens, tbey are subjected to a beat winch soon de.stro3ls 
or disfigures them. I)i*. llill, who made great use of this 
microscope, jiroposed therehire to I'luploy several lamps, 
tlie light ol which united into one focus is exceedingly 
bright and free from tlie above inconvenience; but we do 
not know wlieiber be ever curried tins idea into practice, 
find witli V, hat success. 

IMIORLFM LIU. 

Of Colours f and the diff event lief rang ibihtjj of Light, 

One of tb(‘ noblest discfu’erie-. of tlie nth century, is 
that made by the celebrated Newton, in 1066, respecting 
the composition of light, and the cause of colours. Who 
could have believed that wiiite, which appears to be a 
colour so pure, is the result of rhe seven primitive unalter- 
able colours mixed toj'etlier m a certain proportion! This 
however has bci*ii pir;. (‘d by his expenriients. 

The instnimcnl wlia ii he employed for decomposing 
light in this uiaimer, was the prism, now well known, but 
at that time a mere olij* t f)f euno-'ilv i»n account of the 
colours, ''-itb winch cverv thing viewed through it seems 
to be bordered. But on this subject we shall confine our- 
selves to two of Newton’s experiments, and a deduction of 
tl^ con-'quences which result from them. 

^f a ray of solar light, an ineli nr half an inch in diameter 
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(fig; 4T,pI. 13), be admitted into a darkened’ room, so as 
to fall on a prism placed lionzontallv, with a piece of white 
paper behind it, and if the prism be turned in such a 
maniiel^,, that the image seems to stop ; instead of anlmage 
of the sun nearly round, you will observe a long perpen- 
dicular band, consisting of seven colours, in this invariable 
order, red, orange, yellow, green, blue, indigo, violet. 
When the angle of ihe prism is turned downwards, tJie 
red will be at the bottom, and vice versa; but the order 
will be always the same. 

From this, and various other experiments of a similar 
kind, Newton concludes, 

1st. That the hglit of tlic* sun contains these 7 primitive 
colours. 

2d. That tliese colours are tormed by the rays ex- 
periencing (liHcrein relraciions; and the red, in particular, 
is that wliK'h is the least broken or relracted ; the next is 
the orange, ike ; in tlio l.ist place, that the violet is that 
which, under the same inclination, siiirms tlio greatest re- 
fraction. The tnith of ilies' cons''(|H(*nces cannot be 
denied by those who in tlu*. Icm-.! n I'aainted with geo- 
inctr3\ 

But the incest expciiincnl is that hv which Newton 
proved, that these tlilleientlv cohnirorl rays aie afterwards 
unalterable. To make tins experirm ut in a proper man- 
ner, It will be ru’».A‘.ssai y to proceed a t>>ilows: 

111 the tirst place, the hole in the window' shutter of the 
darkened roo.ii iiiust he reduced to the cliamoter of a line 
at most; and the light eveiy wlieie cdse. iiinst be carefully 
excluded. When this i-^ done, receive the solar rays on a 
large lens, of 7 or S leer fiu'iis, phw. d at the distance ol 
IS feet ’om ilie hole, and a little beyond the lens place a 
prism, m such a iiiaiiner, that the sticam ol light ma}' fall 
upon It. ’r.hen hohl a piece of wliire card at siieh a distance 
that the iniagt vd tlie sun wmuld lie pamtcil upon it with- 
out the interposition ol the prism, and y ou will see painted 
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on the card)' instead of a round image, a very narrow 
coloured hancl, containing the seven primitive colours. 

Then pierce a hole in the card, about a line in diameter, 
and siifFcr any one of the colours to pass through i^^|fiking 
care that it shall do so in the middle of the space vliicli it 
occupies, and receive it on a second card placed behind the 
former. If niiercepted by another prism, it iv ill be found 
that It no longer piodnces i lengrliened, hnt a round 
image, and all ol the same colour. I^esidos, if yon hold in 
that colour any object what<'ver, ii vill be tinged by it; 
and if you Iool< at the object uith a tliird pri*m, it ivill be 
seen of no other colour but that m which it is immersed, 
and without any elongation, as wlicn it i'» immersed ni light 
susceptible of <l(^comjio‘xition. 

This experiment, which is now easy to those tolerably 
well versed in philosopliv, ]mo\cs iIil third ot the principal 
facts advciiicod hy Newton. 

3d. 7'hat wlien a cnloni i'> I reed from the mixture of 
others, il i'- niidher.ible ; that a led i iv, w hatever refraction 
it mav be iiia^le to (;\))erienc<‘. Will always remain red, 
and so of the rest. 

It d'u’s no great hononr to the freneh philosophers of 
the iTtli centin v to have di'^ptited, and even declared false, 
this asseriion o( the Kiigiish philu-.oplier, csnectally on no 
better foundanoM tlia:i an ex[>i ' iinent so b.idly jicrioimed, 
and so ineo>n|)li. te as th,>t of Manotte. Wc even cannot 
help aeciisiiig that philusophci, who in ('tlicr respects de- 
serves great praise, o. too imieh precipitation ; for his ex- 
jierime'it was not the s.imc as that ileserilied by Newton ifi 
the Philosophical Transactions, for 16GG; and it maybe 
readily si'eii tha^, if | 'rforined accoiding to M.iriotte's 
manner, it is impossible it should '.uccecd. 

However, it is at present ccitaih, notwithstanding the 
remonstrances of Fatlier Castcl and ihc Sienr Gautier*^ 

* *<*p"*^‘* pn tendi-d tn be the inventor of Ihc method of 

fluijjVa'. .ii>i iH <’ol iirs, oppoivi’d with vio'iino, lu thi. >Ci\r 1750, the 
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that ’.Acre are in nature seven primitive, homo«2jencoiis 
colours, unequally refranpble, unalterable, and which are 
the cause of the dilfercnt colours of bodies ; that white 
contnj^ them all, and that all of thi ni together compose 
white ; that what makes a body be of one colour rather 
than another, is the coiifiiTuration o<' its minute parts, 
which causes it to redact in greater iiiuiihcr the rays of 
that particular colour ; and iii the List place that black is 
the privation of all reflection; hut this is understood of 
perfect black, for the material and couiinon black is only 
an exceedingly dark blue. 

Some people, such as Father Castel, have atlmitied only 
three primitive colours, viz red, yello'v and blue, because 
red and yellow fomi orange; ycdlow and blue green, and 
blue and red violet or iiidigo, according as the former or 
the latter prcdoimiute-.. But this is another error. is 
very true tliar with two ravs, one yellow and the other 
blue, green can be formed; and this holds good also in 
regard to material colours, but the green of the coloured 
image of the prism is totally different : it is primitive, and 
stands the same jirool a^. red, >e!lo\v r.j idue, without being 
decomposed. Idu! case is the same vith orange, indigo, 
and violet. 

ruoni.i-.M i.i\. 

Of the Juiinhow . ho:v fonnr(I; vielf"’’ (f making an artu 
final one. 

Of ail the phenomena ol nature, non. has excited more 
the admiration of maiihnid, in ail ages, liian the rainbow; 
but there is none jieiliaps at present wlecli philosophy can 
explain .n a more satisfactory manriT. 

llieo.y of <’wt 111, l)(ifli in repaid to colours ari<l 'y f't of Iht uni- 

verse. Hi» reasoning and cxperiincntv, howi u*r, .no .i- coTlrl.^^hp .is ri- 
periments ina V tvah a f.itilty air-pump wmild he nganist lh>.‘ gravitv uf the 
aimoiphcn . 1 o' i^i«. roason, tu lu-vn ind any p.si(i/aii9 hut u Ton of his 

own countryini.n, • n ol whom was .1 poi-t, who had found out ihat objects 
are notpainfrd 00 'ho rotma m uu inviiUd posiiion. 
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The rainbow is formed by the solar rays being decom- 
posed into their principal colours, in the small drops of 
rain, by means of two refractions, which they experience 
in entering them and issuing from them. In the.iAjterior 
rainbow, which often appears alone, the solar ray enters at 
the upper part of the drop, is reflected against the bottom, 
and issues at the lower side. This decomposition may be 
seen fig. 48. In the exterior rainbow, the rays enter at the 
bottom of the drop, experience two reflections, and issue 
at the upper part, 'riieir progress and decomposition, 
which produces colours in an order contiary to the former, 
are represented fig. 49. Hence the colours of the exterior 
rainbow appear to be inverted, in regard to those of the 
first. 

The manner in which the eye perceives this double scries 
of cglours IS seen fig. 50. 

But the explanation would be incomplete if we did not 
show that there is a certain determinate iiielination, under 
which the reil rays issue parallel, and as close to each other 
as possible, while all the lest arc divergent ; tlut tliere is 
another under winch the green rays issue in this manner ■: 
and so of the rest. It is by this alone that they can pro- 
duce an etfecl on a distant eye. 

This explanation of the rainbow is confirmed by a sim- 
ple experiment. When the sun is very near tlic horizon, 
suspend in an apartment a glass globe filled with w'ater, in 
such a manner as to he illuminated by the sun * and place 
yourselt with your bai k to that luminary, so that the globe 
shall be deviated, in regard to your eye, about 42 degrees 
above the lUiFiiioii. By advancing or retiring a little, you 
will not fail to meet wi'h the coloured rays, and it will be 
easily seen that they issue from the bottom of the globe; 
it will seen also that the red ray i.ssues from it under 
the greatest angle with the horizon, and the violet, which 
is the lowest une, under the least, so that the red must be 
nlthout the axis^ and the violet within it. 
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Then raise the globe, in regard to your eydi to 54 de- 
grees, or continue to approach it till it be elevated at that 
angle, and you will meet with the coloured rays issuing 
from^^jj^c top of it ; hist tlic violet, and then the blue, 
green and red, in an order altogether contrary to tljc pre- 
ceding, If you cover, in the first case, the upper part of 
the globe, and in the second tlie lower part, no colours 
will be produced ; which is a firoof of the manner in ivliith 
they enter it, and issue from it. 

The spectacle of an attihcial rainbow may be easily ob- 
tained ; It IS seen in tlie \a])oiir of a jet of water, when the 
wind disperses it in minute drops. For this jnirpose, place 
y^ourself in a line between the jet of w'ater and the sun, 
with _)Oiir back turned towaids the lattei. If the. sun be 
at a moderate elevation above the. lion/on, by advancing 
towaids the jet (d water or receding Irorn it, yon will soon 
find a point fiom which a lanibow^ will be seen in the 
drops that fall down in line hoht-iain. 

If there be not a jet of water in the neighbourhood, you 
may make one at a way small <‘x pence. Noiliing will be 
necessary but to fill your mouth with valor, and having 
turned your hack to the sun when a! a niodeiate elevation, 
to sjniit ihe water into the air as liifli as possiblt*, and in a 
direction somewliat oblique to tlie liori/on. 7’he imita- 
tion ofti.i> pheiiomeiioii in.iv he git.itly lacihtated by em- 
})loyii!i., a sjiiJige, which will scati. . ihe wattT in very 
siiiull diops. 

If you are de sirous of peiloiming ttic experiment in .t 
manner stiil easici, fill a vciy transparent eyhndiic glass 
bottle with watei, and place it on a table in an upright 
position, pUci! a lighted eaiidle at ; he same height, and 
at the. distance fioiii it of 10 or 12 feet, and then walk in 
a trails vci>al direction betw'cen the light and the bottle, 
keeping )<i\n eqe at the same ekivation. Wlien you liave 
reached a eei i.nn point, you w ill see bundles of coloured ' 
rays issuing tioui one of the sides of the bottle, in the fol- 

VOL. 11. 
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lowing order : violet, blue, yellow, red; and if you con- 
tinue to walk transversely, you will meet with a <(eCOhd 
series, in a contrary order, viz, red, yellow, blue and 
violet, proceeding from the other side of the bottMi This 
is exactly what takes place in regard to the drops of raiti; 
and to imitate the plicno.nenoti completely, seven similar 
bottles might he arranged in stich a manner, that the eye 
being placed in the proper point, one of the seven colours 
should be seen in each; and seven others might be arranged 
at some distance, so as to exhibit the same colours in an 
inverted order. 

Two rainbows would still be produi •' vl, even if the solBr 
rays were not dilfercntly refrangible ; l>nt they Would be 
destitute of colour, and would consisi only of two circular 
bauds of white or yellowish light. 

The lainbow always forms a portion of a circle around 
the line drawn from the sun and passing through the eye 
of the spectator; for this reason, when the sun is elevated 
above the horizon, the rainbow is less than a semicircle ; 
but when the sun is in tlie horizon, it is equal to a semi- 
circle. 

A rainbow' however lus been seen larger than a semi- 
circle, and whieh intersected the common rainbow ; but 
this phenomenon was produced by the image of the sun 
reflected from the calm, smooth surface of a river. The 
image of the sun, in this case, produced the same effect as 
if that luminary had been below the horizon. 

Dr. Halley has calculated, from the ratio of the different 
refrangibilities of th*' sun’s rays, that the semi-diameter of 
the interior rainbow, taken in the middle of its extent, 
ought Lo be 4r lO'; .*nd that its breadth, which would be 
only 1° 45' if the siin were a point, ought to he 2* 15' on 
account of the apparent diameter of that luminary. This 
apparent diameter is the cause ivhy the colours are not 
separated from each other with the same distinctness 
they would be, if the sun were a luminous point r the radius 
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of the exterior rainbow, taken in the same matiner, that is 
to say in the middle of its extent, is 52® 30'. 

This geometrician and astronomer not only calculated 
the diii^ensions of that rainbow which actually appears to 
us in the heavens, hut of those also which would he pro- 
duced if the light of the sun did not issue from the drop of 
water till after 3, 4, 5, IScc, reflections; whereas, in the 
principal and inteiior rainbow, it issues after one, and in 
the second or exterior one, after tw o. By these calcula- 
tions it is found that the semudiametcr of the third rain- 
bow, counted from the place of tlie siiii, would he 41®; that 
of the fourth, 43* 50'; &c. But geometry here goes much 
farther than nature: for besides the continued weakness 
of the rays, which would render tliesc rainbows scarcely 
perceptible, being towards the sun, they would he lost 
amidst the splendour of that luminary. If the drops which 
form the rainbow, instead ol being water, were glass, the 
mean 8emi-diameter of the interior rainbow would be 
22® 52', and tliat of the exterior 9® 30', towards the side 
opposite to the sun. 


rilOUI.KM J V . 

Analog}^ between Colours and the Ti. nes of Music. Of the 
Ocular Harpsichord of Father Castcl. 

.As soon as il had been observed thal there were seven 
primitive colours in nature, there wa . • ome reason to con- 
ceive tliat tliere might he an analogy In-t ween these colouis 
and the tones ol music ; tor the latter form a scries of seven 
in the whole extent of the octave. Tills ohscrvaLion did 
not escape Newton, wlio remarked also that, in the colour- 
ed spectnini, the spaces occujiied 'v the violet, indigo, 
blue, & correspond to the divisions of the monocliord, 
which gives the sounds re, miffuy sol, la, si, ut, re. 

Newton on this subject proceeded no farther. Biii 
Father Castel, whose visionary scheme is well known, en- 
larged this idea; and dh the above analogy of sounds 
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fo^indcd a system, in consequence of which he promit^cfd 
to the eyes, hut unfortmiJitoly without success, A new plea- 
sure siinilcir to that which the cars experience from a 
concert. 

Fatlier Castel, for reasons of analoiry, first changes the 
order of the colours into the following, viz, blue, green, 
yellou, orange, red, violet, indigo, and in the last place 
blue, which forms as it were the octave of the first. These, 
according to his system, arc the colours which correspond 
to the diatonic oct.ive of onr modern music, utf r<?, mi, fa, 
sol, la, si, ut. The flats and the sharps gave him no em- 
barrassment ; and the chromatic octave divided into its 
twelve colours, was blue, sea-green, oiive-grecn, yellow, 
apricot, orange, red, crimson, \tiolet, agate, indigo, bine, 
which corresponded to ut, vl^, jr, /y*, vii, fa, fa'*, sol, 
sol*, la, la*, si, ut. 

Now if a h.irpsichord he con.^triicted in such a manner, 
,>ays Father C'astel, that on striking the key uf, irtstead of 
hearing €i sound, a blue hand shall appear; that on strik- 
ing re, d green one shall he seen, and so on, vou will have 
the reipiired instriiincnt ; provided that for the first octavo 
of lit d dilFerent bine he einployed. But what are tve to 
iiiuicrstaud by a blue an octave to another? We do not 
find that Father C\islel ever explained himself on this sub- 
ject in a nidiincr sufficiently clear. He only says that as 
there arc reckoned to be tuolve octaves appreciable by 
the ear, from the lowest sound to the most acute, there are 
in like manner twelve octaves of colours, from tlie darkest 
blue, to the lightest ; which gixes ns reason to believe that 
Since the darkest bine is that which ought to represent the 
lowest key, the blue corrcMpoi hug to the octave must he 
formed of elevuii paits of pure blue, and one of while; 
that the lightest must be formed of one part of blue anfd 
eleven parts of white, and so of the rest. 

However, P’arher Castcl did not despair of producing by 
these means an ocular music, aS interesting to the eyes as 
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the common music is to well organised ears ; and he even 
thought that a piece of music might be translated into 
colours for the use of the deaf and dumb. “ You may 
conceive,” says he, “ what spectacle will be exhibited by 
a room covered with rigadoons and minuets, sarabands a(id 
passcailles, sonatas and cantatas, and if you choose wdth the 
complete representation of an opera? Have your colours 
well diapasoned, and arrange them on a piece of canvas 
according to the t^xuct series, combination and mixture of 
the tones, the parts and concords of the piece of music 
which you arc desirous to paint, observing all the ddl'ercnt 
values of the notes, minims, crotchets, quavers, syncopes, 
rests, &c ; and disposing all the parts according to the 
order of counter-point. It may be readily seen that this 
is not impossible, nor ev’^i^n didicuit, to any ])erhOii who has 
studied the elements painting, and at any rate that a 
piece of tapestry of this kind w'ould he equal to those 
where the colour? arc applied as it were at hazard in the 
same manner as they are in marble. 

** Such a harpsichoid,” continues he, would be an ex- 
cellent school for painters, wlio migl.t liiid m it all the 
secrets and comhinnrions ot the coloni c, of that which 
is culled claro-ohscnro. lUit evc*n our iiai .nonical tapestry 
would be attended vvitli its advantages ; for one might con- 
template there at leisure what hiilierto could lie heard only 
in passing v/ith r.'.pidity, so as to leave Ij'Me tune foi* re- 
jection. Aiid what pleasure to behold iho colours in a 
disposition truly harmonical, and in that ini.Mite variety of 
combinations which harmony furnishes! The design alone 
of a painiing excites jileasurc. 'Fhere is certainly a design 
in a piece ot music ; but it is not so sensible when the piece 
is played with rapidity. Here the eye will contemplate it 
at leisure; it vmU see the concert, the contrast of all the 
parts, the effec i of the one in opposition to the other, the 
fugues, imitations, expression, concatenation of the ca- 
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deuces, and progress of the modulation. And can it be 
believed that those pathetic passages, those grand traits-of 
harmony, those unexpected ch.injrcs of tone, that always 
cause suspension, languor, emotions, and a thousand un- 
expected changes in the soul which ahandons itself to them, 
will Jose any of ilieir energy in passing from the ears to the 
eyes, &.c r It will be curious to sec the ileaf applauding the 
same ])assages, as the hlmd, &c. Green, M'hieh corre- 
sponds to r€y will no douht show that the tone re is rural, 
agreeable and pastoral ; red, whicli corresponds to sol, 
will excite the idea of a warlike aiul terrific tone ; blue, 
which corresponds to uty of a noble, majestic and celestial 
tone ; 8ce. It is singular that the colours should have the 
proper cluiiacters ascribed bv the ancients to the cs.act 
toru s winch coriespond to them, hut a great deal might 
be said, &c. 

A spectacle nii -Jit lie (‘xhibited of all forms human 
and angelical, aiiiuials, birds, reptiles, lishes, cpiadrupedes, 
and even geometne figures. By a simple game tlic whole 
series o! Euclid’s Elements might ho demonstrated.” Fa- 
ther (’astcl’s iiiiiigiriaUon seems here tocoiuluct him in the 
straight road to Bedlam. 

These passages of Father Castel are so singular, that 
we could not help quoting them; but unfortunately all 
lus fine promises came lo nothing. He liad constructed a 
model of his harpsichord, as he tells us himself, so early as 
the end of the year 1734, .md he spent almost the remain- 
der of his life, till the tiiiu of hi^ death, which took place 
in ]767, in completing his instrument, but without suc- 
cess. Tliis harjisicluird, constructed at a great expence, 
as we arc told l\v the authoi ''>f his life, neither answered 
the author’s mteution, nor the expectation of the public. 
And indeed it there be any analogy between colours and 
sounds, they dilfer in so many other poinis, that it need 
excite no wonder tliat tins project should miscarry. 
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PROBLEM 1.VI. 

To compose a Table rejyresevting all the Colours; and to de- 
termine their number. 

Though Newton bus proved the homogeneity of the 
coloura into whuh the solar rays arc decomposed, and the 
orange, green and purple produced by this decomposition 
are no less unaher.tbic, b> farther refraction, than the red, 
yellow and blue, it is however well known that with the 
three latter, the three former, and all the other colours of 
nature, can be imitated : for red combined witli yellow, in 
dilferent proportions, gives all the shades of orange; yellow 
and blue produce pure greens; red and blue violets, pur- 
ples and indigoes ; in short, the different combinations of 
these compound colours, give birth to all the rest. On 
these principles i, founded the invention of the chromatic 
triangle, wliieb serves to re[jresent them. 

Construct an eipuliiteral triangle, as seen Plate \v 
fig. 51, and divide the two sidc!> adjacent to tlie vertical 
angle into 13 equal parts: if ])arallel lines be then drawn 
through the points of diviMoti, in oae!i side, the^ will torin 
91 equal rhombuses 

In the three angular rhombs plart, the three primitive 
colours, red, yellow, and blue, having an equal degree of 
strengtli, and as we may say of coiieentration ; eonsc- 
queiith , between the yellow and hliu , there will be left 11 
rhombc»idal cells, wlncli must be filled up in the iollowing 
manner : in that nearest the yellow pu» 1 1 parts of yellow 
and I of red ; in the next, 10 parts of yellow and of red, 
&c ; so that in the cell nearest the red there will lie I part 
of yellow and 1 1 of red : by these means we shall liave all 
the shades of orange, from the one m ..rest red to that near- 
est yellow By filling up, in like manner, the intermedi- 
ate cells, between red and blue, and between blue and 
yellow, the result will be all tliK shades of purple, and 
all those of green, in a similar gradation. 



I Alii. « or rnLOt'H:*, 


■J 61 . 

7^0 Till up tlio othiir cells, let us tiike for example tho*?? 
of the third row below red, where there are three ceiJs. 
The two extreme cells bciiii* filled up oii the one side with 
a combination of 10 parts of red and 2 of yellow, and on 
the other with a combination of 10 parts of red and 2 of 
bine, the middle cell will be c(/in posed of 10 parts of red, 
1 of bine and 1 of yellow'. 

In tlie band immediately below, w'c shall have, for the 
same reason, in tlu; first cell towards the yellow', 9 parts 
of red and of yellow' ; in the ii<*xt, 9 parts of red, 2 of 
yellow and I of blue ; iii the third, 9 parts of red, I of 
yellow and 2 of blue; in the fourth, 9 parts of red, and 3 

of blue : and tiie case w ill be similar iii rej^ard to the low'er 

bands; but we sh.ill licre content ourseUcs with dct.iiling 
the colours in tlvc last except one, or that above tlie band 
containing the greens, the cells of which must h(‘ filled up 
as follows: In 

The 1st on the leli, 1 1 parts yellow and I of red, 

7’he 2d, 10 p.irts yellow , 1 red, I hlue. 

The 3il, y pairs yi'llow, 1 red, 2 blue. 

'Flic 4th, S jiarts \cllow, 1 re( , 3 hlue, 

7Mic 5th, 7 pans yellow, I ret, ‘J- hlue, 

I’lic 6th, 6 paits yellow, I ret , .5 hlue. 

The 7th, 5 [larts yellow, 1 let , G blue. 

The 8th, 4 pails yellow, 1 rei , 7 blue. 

The 9th, 3 parts y cllow', 1 lei , 8 blue. 

77ie lOlh, 2 parts yt How , 1 rei , 9 blue. 

The JItb, 1 part yellow, J rev , 10 blue. 

'Fhc 12th, 0 p.iit \e,llow, l led, 11 blue. 

This band, as may be seen, contains all the greens of 
the lowest band into >vliicli one part of icd has been thrown. 
Ill like manner, there will be found m the band parallel to 
the purples all the purples with which 1 part of yellow has 
been mixed ; and iii tlie baud parallel and contiguous to 
the oranges, all the orange colours=W'ith one pait of blue. 
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' Iti tlic cuntral ci*II (if the truinglo tlicrc are 4 parts of 
rxjd, 4 of blue, and 4 of yellow'. 

■ All these mixtures mijrht be easily made with colours 
ground exceedingly fine ; and if the proper (]iKintitics were 
employed wc hav(i no doubt that tlicv would produce all 
the shades of the dillercnt colours. I5ut if all the colours 
of nature, from tlie lightest to the darkest, that is from 
black to white, bn refjuirrxl, wo sli.ill find for cacli cell 12 
degrees (Df gradation to white, and 12 others to black. If 
91 therefore be ninltiplic'd l>v 24, wn shall have 2184 per- 
ceptible colour's ; to w'hicli if wo add 21- grays, formed b} 
the combination of pure black and white, and white and 
black, the nunrbtM- of (joniponnd colours, which wo bolievc 
to be distingnis!ial)le by the senses, will amount to 2218. 
But we ought not perhaps to consider as leal colours those 
formed by the piiM colours with black ; for black only ob- 
.scures, but does not colour. In tins case tlic real colours 
with their shack from lire darkest to the lightest, ought 
to bo reduced to 1042, which with white, a black, and 12 
grays, will foim Hod coknirs. 

I’uoui.n M I.V 11 . 

On t/ie Cause of the Blue CoicJ' of fhc Sky, 

This IS ii rory rcniarkahlo phenomenon, though little at- 
tention is paid to It, as onr eyes aio so much accustomed 
to it from cnir infancy ; and it would >•. 'ifiiculL to explain 
it had not NewUin’s Mkoi v ro'.pecting b\ teaching 

us tliat It IS decomposed into seven colon s of dillerent de- 
grees of refrangibility and reflexibility, iiHoided us the 
means of discovering the cause. 

To C'piam this phenoinenon, w ' shall ohseive then, 
that according to Newton’s iheorv, so well proved by ex- 
perience, of the seven colours wdiich the solar light pro- 
duces when decomposed by the prism, the blue indigo, and 
violet, are tlio-c easiest reflected, when they meet wuth a 
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medium of a different density* But whatever may be the 
transparency of t)ie air, that which surrounds out eartbi 
and which const it iites our atmosphere, contains always a 
mixture of vapours more or less combined with it: hence 
it happens that the light of the sun and stars, sent back 
in a hundred different ways into the atmosphere, must ex- 
perience in it numberless inflections ainl reflections. But 
as the blue, iruligo and violet rays are those chieflv sent 
back to us, at cacli of tfiesc reflections, from the minute 
particles of the vapours uhich they are obliged to pass 
through, it Is necessary that tne inodinin which sends them 
back should apj^oar to assume a blue iint. This must even 
be the case if we suppose a peifect homogeneity in the 
atmosphere : for however homogeneous a transparent 
tnedinni may be, it necessarily rv fleets a part of the r'^ys 
of light which passthrough it. But of all these rays, the 
blue are reflected with ttie greatest facility j consequently 
the air, even supposing it homogeneous, would assume a. 
blue, or perhaps a violet colour. 

It is tor the same reason that the water of the sea ap- 
pears of a blue colour when very pure, as is the case at a 
distance from the coasts. When illmninateil by tlie sun a 
part of the rays enters the water, and another part is re- 
flected ; but the latter is composed chiefly of blue rays, 
and consequeutly it must appear blue. 

This cxpiaiiation is confirmed hy a curious observation 
of Dr. Halley. Tins celebrated philosopher having de- 
scended in a diving bell to a considerable depth in the sea, 
while It was illuminated by flic sun, was much surprii^ed 
to see the back of Ins liarul, winch received tlie direct rays, 
of a beautiful rose colour, v !ii!c the lower jiart, which re- 
ceived the reflected rays, w.isblue. Tins indeed is what 
ought to take place, if we suppose that the rays reflected 
by the surface of the sea, us well as by the minute partemf 
the middle oi it, are blue rays. In proportion as the light 
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penetrates to a greater dcptli, it must be more and more 
deprived of the btne rays, and conseqiicntly the remainder 
most incline to red. 


PROBLEM LV[TI. 

Why the Shadows oj bodies are sometimes Blue, or Aiure 
coloured^ instead of being Black. 

It is often observed at sun-rise, daring very serene 
mornings, that the shadows of bodies projected on a white 
ground, at a small distance, arc blue or azure coloured. 
This phenomenon appears to us to be sufficiently curious 
to deserve here a place, as well as an explanation. 

If tlic shadow of a bodv exposed to the sun were abso- 
lute, it would be peib'ctly black, since it would be a com- 
plete privation of light ; but this docs not really take place: 
for to he so, the (ichl (jf the heavens ought to be absolutely 
jblack; whereas it is blue, or azure coloured, and it is so 
only because it sends back to us chiefly blue rays, as already 
observed. 

The shadow therefore projected hv bodies exposed to 
the sun, is not a pure shadow, but is iPelf illuminated by 
that whole part of the sky not oicujMcd by the luminous 
body, I’his part of the heaven bcltig blue, the shadow is 
softened by the blue or azure coloured rays, aud conse- 
quently must appear of that colour. It is exactly in the 
same manner that in painting, refle? < ons are tinted with 
the colour of the siniumuluig bodies. The sliadow which 
we here examine, is notliing ebe than a shadow mixed with 
the reflection of a blue body, and therefore it must par- 
ticipate in that colour. 

It is well known tiiat tliis plieiioin oon was first observed 
and exj lained hy Bulfon. 

But It may here be asked, whv are not all shadows bine? 
IriirepJy to this question, we shall observe, that to produce 
this effect, the concurrence of several circumstances are 
necessary: 1st, a ver}’’ pure skv, and of a very dark blue 
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colour; for if the heavens be interspersed with light 
clouds, the rays reflected from them, falling on the blueish 
shadow, will destroy its effect j if the blue be weak) as is 
often the case, the quantity of the bine rays will not be 
sufficient to enli^litcii the shadow. 2d, The light of the 
sun must be livelier than it usually is when that luminary 
is near the horizon, in order tliat the sh.idows may be full 
and strong. Hut these circumstances are rarely united. 
Besides, the sun must be only at a small elevation above 
the horizon ; for even when at a moderate altitude there 
is too much splendour in the atmosphere, to allow the blue 
rays to be sensible. This light renders the shadow less 
strong, but does not tinge it blue. 

PROBLEM LIV. 

Tlrperiment on Colours. 

Hold before your eyes two glas'^es of dilTerent colour^^ 
the one blue suppose, and the oilier red; and having 
placed yourself at a proper distance from a candle, if you 
shut one of )'Onr eyes, und look at llu' light with the other, 
that for example liefore which the blue gla>s is held, the 
light will appear blue. It you next shut tins eye and open 
the other, the flame will appear red ; and if you then open 
them both, you will sec it ol a bright violet colour. 

Every person almost, in our opinion, must have ioreseen 
the success of this experiment ; which' we have mentioned, 
merely because an vjcuhst of Lyons, M. Janln, thought he 
could deduce from it a par*Kiilar consequence; which is, 
that the retina may perforin tiie part ot a concave mirror, 
and reflect the rays of lighi, so that each eye forms at a 
certain distance an a'ei mI ima>M* of the object. Both eyes 
forming each an image afterwards in the same place, tbo 
result is a double image, one blue und the other red, which 
by tlieir union produce a v.olet image, m the same manner 
as when red and blue rays are mixed together. But this 
explanation will certainly not bear to be examined 
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cording; to the true principles of optics. How is it possible 
to conceive that such an image can be formed by the retina? 
1$ it not more probable, and more agreeable to the well 
known phenomena of vision, that from the two impressions 
deceived by the two eyes, there is produced in th& conimon 
sensoriiim, or in the place wdiere the optic nerves are 
united in the brain, one compound impression? In this 
experiment therefore the same tiling must take place, as 
when a person looks at a candle \Mth one eye, through 
two glasses, the one retl and tlic other bine. In this case 
the flame will be seen of a violet colour, and consequently 
it must have the same a])pearanee in the former. 

eilOIlLFM LX. 

Method of coui^tyuctnig a Photopliorus^ very convenient to 
illmninatc a tabh' where a person is reading or wnting. 

Construct a cone ot tin-plate, 4^ inches in diameter at 
the base, and 7^ height, measured on the slant 

side ; w hich niav be easily done by cutting Irom a circle, 
of 7J. inches radius, a sector ol 10‘»J degrees, and bending 
it into the form ol a cone. 'J'hcn ti'r».iigh a point in the 
axis, 2j- inches distant from the sumnnt, cut oiF the upper 
part of the cone by a |)lane inclini't' to one of its sides at 
an angle of 45”. The result w’llJ he an elongated elliptical 
section, winch must be placed before a candle or other 
light, as near to it as possible, the i lane ot tlie section 
being vertical, and llie grcate^l diami. it ! in a ])erpendiciilar 
direction. When dis))ot.cd in this iniiiMier, if the flame of 
the candle or lamji be nused 12 or 13 inclics abi>vc the 
plane of the table, you will be astoiiisheil to see tlic vivacity 
and uniformity of the iiglit wliicli ‘‘i wil! projtict over an 
extent ^^f 4 or .5 Jeet in length. * 

M. Lambert, the inventor of this apjiaratus, observes 
that it niav he used with great advantage to give liglit to 
those who read in bed ; for by placing a lamp or taper 
furnished with this photophorus upon a jirctty high stand. 
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at the distance of 5, 6, or 8 feet, from the bed, it wiill 
afford a suffi£fiency of light without any danger. He says 
he tried this apparatus also in the street, by pli^cing a 
lamp furnished uith it in a window raised 15 feet above 
the pavement, and that its effect was so great, that at the 
distance of 60 feet, a bit of straw could be distinguished 
much better than by moon-light, and that writing could lie 
read at the distance of 35 or 40 feet. A few of these 
machines, placed on each side of a street, and arranged in 
a diagonal form, would consequently light it much better 
than any of the means hitherto employed. See Mtmoires 
de V Academic de Berlin^ amu 1770. 

PROBLEM LXr. 

The place of an object ^ such for example as tf a piece of 
paper on a table ^ being given; and that of a candle destined 
to throw light upon it; to determine the height at whicfi 
the candle must be placed, in order that the object may 've 
illuminated the most possible. 

That wc may exclude fron^ this problem several con- 
siderations, which would render the solution of it very 
difficult, we shall suppose the object destined to be illu- 
minated to be very small, or that it is only required that 
the middle of it shall be illuminated as much as possible. 
We shall suppose also that the light is entirely coneen* 
trated into one point, wiiere the splendor of all its different 
parts is united. 

But, it is well known that thciight diffused by a lumin- 
ous point, over any surface wliich it illuminates, decreases, 
the angle being the same, in the inverse ratio of tlie square 
of the distance; and that when the angle of inclination 
?faries, it is as the sine of that angle. Jlcnce it follows 
that it decreases in the compound ratio of the square of 
the distance taken inversely, and the sine of the angle of 
inclination taken directly. To solve this {iroblem then, 
we must find that height of the luminous point in the given 
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perpendicular, which will render this ratio the greatest 
possible. 

But^t will be found that this ratio is greatest when the 
perpendicular height, and the distance of the object to be 
illuminated from the bottom of the candle, are lo each 
Other as the side of a square is to the diagonal. On this 
given and invariable distance as hypotlienusc, if a right- 
angled isosceles triangle be therefore described, the side 
*of this triangle will be the height at which, if the flame of 
the candle be placed, the given point or centre of the 
paper will be illuminated in the highest degree possible. 

On this subject, the following prolilem, which is of a 
similar nature, might also be proposed: 

Tu'o candles of unequal height, placed at the extremities 
of a horizontal line, being gken ; to find in that line a point 
so situated, that the objut placed in it shall be illuminated 
most possible ^ 

■”^But we sliall not give the solution, that our readers niav 
exercise their own ingenuity in discovering it. 

PROBLEM L\IT. 

On the Proportion which the Light of the Moon bears to 
that of tlw Sun. 

This is a very curious problem r but it was only within 
these few years that philosophers began to turn their at- 
tention to the principles, and means, •<. hicli can lead to 
the solution of it. We, are indebted for them to M. 
Bouguer, who has (‘xplained tlicni in his Treatise on the 
Gradation of Light i a work that contains many curious 
particulars, a few of which we shall here extract. 

To obtain tins measure of the i'iensity of light, M. 
BougUer sets out ivith a fact, founded on experience, 
which is, tlat the eve judges pretty exactly bv habit, 
whether two <umilar and equal surfaces are equally illu- 
minated. Nothing then is necessary, but to place at un- 
equal distances two unequal lights, or by means of concave 
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glasses, the focal distances of which are unequal, to make 
them be unequally dilated, so tliat the surfaces which are 
illuminated by tlicm shall appear to be so in an equal 
degree. The rcat depends merely on calculation; for jf 
two lights, one of which is four times nearer than the 
other, illuminate equally two similar surfaces, it is evident 
that, as the degrees of the illmninalion of the same light 
decrease in the inverse ratio of the squares of the distances, 
we ought to conclude that the spleudour of the first light 
is sixteen times as great as that of the second. In liHo 
manner, if a light dilated into a eiieiilar space, double in 
diameter, illuminates as much as another direct light, there 
is rCiison to conclude that the former is (quadruple the 
second. 

By employing these means, M. Bouguer found tliat the 
light of the sun diminished 1 10(M< times was equal to that 
of a fiamheau, which iliuminates a surface at the distauqc 
of 16 inches; and that the same tlambeau illuminatiri^'a 
similar surface, at the distance of JO fei t, gave it the salute 
light as that of the moon, when diminished 64 times. By 
compounding tliesc two latios he concludes, that the light 
of the suii IS to tiiat of the moon, at their uican distances 
and at the same altitude, as 2J6280 tiM ; that is to say 
more than 2jO thousand times grcaiei. From some other 
experiments he is even inclined to think, that the light of 
the moon is only equal to the aOO ihousaudtli part of thg.t 
of the sun. 

The result of a celebrated cxpciimciit, made by Couplet 
and La Hire, two acadcmirMus of Paris, need tlierefote 
excite no sur[)rise. 'I’liese tv\o philosophers collected the 
lunar rays hy means of the hurniiig mirror at the Ob- 
servatory* w'hicb is 35 inches in diameter, and made the 
focus fall on the bulb of a thermometer, but no motion 
was produced in the liquor. And indeed this ought to be 
the case, for if we suppose a mirror like the above, which 
collects the jays that fall on Us surface into a space 13Q0 
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or 1400 times less, the heat thence resulting will he 1200 
or 1400 times greater ; but, on account of the dispersion 
of'lhe ^s, it will be sufficient to suppose this light to be 
^ thousand times denser than the direct light, and the heat 
in proportion. A mirror of this kind then, by coflecting 
the lunar rays, would produce in its focus a heat 1000 
times greater than that of the moon. If 300000 there- 
foris be divided by 1000, wc shall have for quotient 300, 
which expresses tlip ratio of the direct solar li€jat to that of 
the moon thus condensed, l^nt a heat 300 times less than 
the direct heat of the sun is not capable of producing any 
eflect on the liquor in the thermometer. This fact then 
is far from being inexplicable, as we are told by the author 
of the History of the Progress of the human Mind in 
Philosophy*, for it is a necessary consequence of Bongucr's 
calculations, which tliis u'ritcr no doubt overlooked. 

shall, in the last place, observe, that Bougner found, 
mean caicnlation, that the splendour of the sun, when 
on the horizon, supposing the sky to be free from clouds 
or fog, is about 2000 times less than Mhen elevated 66®, 
The case ought to be the same also with the light of the 
moon. 

VROnLFM LXIIT. 

Of certain Optical Illusions. 

I. If A oj take a seal witii a cyplicr e*. raved on it, and 
view it rhroiigli a convex glas^ of an iin U or more focal 
distance, the cyplier oi engraving will be ^een sunk in the 
stone as it really is; but if you continue to look at it, 
without changing your situation, you will soon see it in 
relief i and by still continuing to look at it, you will see it 
once more sunk, and then again in lelief. Sometimes, 
after having cliscontiiiued to look at it, instead of seeing it 
sunk, it will appear in relief ; it will then appear sunk. 


• Sdueritn Hhtone fir Progris dt VE^pni kiimam dans tes Sciences physiques, 
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and so on. When the side of the light is changed, this 
generally causes a change in the appearance. 

Some have taken a good deal of pains to discofer the 
cause- of this illusion; which in our opinion may be ex^* 
plained w'ith’out much difficulty. When an object is 
viewed with a lens of a short focal distance, and conse- 
quently with one eye, we judge very imperfectly of the 
distance, and the imagination has a great share in that 
assigned to the image which we perceive. On the other 
hand, the position of the shadow can never serve to rectify 
the judgment formed of it : for if the engraving is hollow* 
and if the light comes from the right, the shadow is on the 
right; it is also on the right if the engraving is in relief, 
and if the light comes from the left. But when an en- 
graved stone is attentively viewed with a magnifying glass, 
we do not pay attention to the side from which the light 
proceeds. Here then every thing, as we may 
ambiguous and uncertain ; consequently it is not surj^iip- 
ing that the organ of sight should form an undecisive and 
continually variable judgment; But we are fully persuaded 
that an experienced eye will not fall into these variations. 

The same phenomenon is not observed when the ex- 
periment is performed with a piece of money. The 
reason of this probably is, that wc are accustomed to handle 
such pieces, and to see the hgures on them in relief, 
which does not permit the mind to form, in consequence 
of the image painted in the eye, any other idea than that 
which It always has had on seeing a piece of money, viz, 
that of figures in relief. 

11. If a glass decanier, half filled with water, be presented 
to a concave mirror, and at i proper distance* that is to 
say between the centre and the focus, it will be seen in- 
verted before the mirror. But it is very singular, in regard 
to many persons, though it is not general, that they 
imagine they see the water in the half of the bottle next the 
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^hich is turned downwards. For our part, we are 
of opinion that the cause why some think they see the 
water i^his situation, arises from their knowing by ex- 
perience that if a bottle half filled with water be invertedi 
the iiuid will descend into the lower part, or that next the 
neck. 

Another cause concurs to make us judge in this manner. 
When a decanter is half full of very pure water, each half 
is as transparent as the other, and the presence of the 
water is perceived only by the reflection of the light which 
takes place at its surface; but in the inverted image this 
surface reflects the light below, and even with the same 
force ; by which means we arc Jed to conclude that the 
fluid is at the bottom. 

This subject may be farther exemplified as follows. 

Take a glass bottle; fill it partly with water, and cork 
it il||?thc usual way: place this bottle opposite a concave 
mf^or, and beyond its focus, that it may appear reversed : 
then place yourself still farther distant than the bottle, 
and this will be seen inverted in the an*, and the water, 
which is really in the lower part of the bottle, will appear 
to be in the upper. See fig. 52, 53, pi, ‘T. — If the bottle 
be inverted while it is before the mirror, the image will 
appear in its natural erect position, and the water will 
appear in the lower part of the bottle. While it is in this 
inverted state, uncork the bottle, then wn.le the water is 
running out, the image is ulling. But as soon as the bottle 
is empty, the illusion ceases. The illusion aUo ceases when 
the bottle is quite full. 

The remarkable circumstances in this experiment arc, 
1st. Not only to see an object where it is not, but also 
wherfe" its image is not. 2d. That of two objects w'hicU 
are really in tiic same place, as the surface of the bottle 
and the water it contains, the one is seen in one place, and 
the odier in another, &c . — II is conceived that this illusion 
arises, pajrtjy from our not being accustomed to see water 

T 2 
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suspended in a bottle with the neck downward, and partly 
from the 'rebemh lance there is between the colour ^ 
water and the air. ‘ ^ 

Additional Anntxements and Experiments with ConcayeMif* 
rorsy as described Mr. Adams, Mr. Jones, Sic.. 

1. Placing yourself before a concave mirror, but ferther 
from it than the centre, you will see an inverted image of 
yourself, but smaller, in the air between you and the 
mirror: holding out your hand towards the mirror, the 
hand of the image will come out towards your hand, and 
wdien at the centre of concavity, ho of an equal size with 
it ; and you may as it were shake hands wTth this aerial 
image. On advancing your hand farther, the hand of the 
image passes by your hand, and comes between it and 
your body : on moving your hand towards one side, the 
hand of the image moves towards the other, the image 
moving always contrariwise to the object. All this 

the by-standers see notfiiiig of the image, because none of 
the reflected rays whicli torni it enter their eves. To 
render this effect more surprr/iiig, and more vivid, the 
mirror is often concealed in a 1)on, after the manner as we 
shall shew presently. In tact, the appearance of the image 
in the air, between the object and the mirror, has been 
productive of many agreeable deceptions, which, when 
exhibited with art and an air of mystery, have been very 
successlui, and the source of emolument to many of our 
public showmen. In this manner they have exhibited the 
images of animated and other objects, in such a way, as to 
surprize the ignorant, and please the .scientific, or better 
informed. 

2. Ml . Ferguson mentions two pleasing experiments to 
be made with a concave mirror, which may be easily tried. 
If a hre be made in a large room, and e smooth, well'* 
polished mahogany table be placed at a good distance near 
the wall, before a large concave mirror, so tha^t the light 
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of the fire may be reflected from the mirror to its focus on 
the table j if you stand by the table, you will see nothing 
a Jot^ beam of light ; but if you stand .it some distance, 
as towards the fire, you wdl see, on tlie table, an image 
of ther'fire, large and erect : and if anotlier person^ w^o 
Icnowii nothing of the matter beforehand, sliould chance 
to enter the room, he will be startled .it tlie appearance, 
for the table will seem to be on fire, and, binng near the 
wainscot, to endanger the whole house. For the better 
deception, there ought to be no hglit in tlie room but what 
proceeds from the fire. 

S. If the fire be darkened by a reen,aiKl a luige candle 
be placed at the back of the sen^en ; then a person stand* 
ing by the candle will see the appearance of a fine large 
star, or lather planet, on tlie table, as large as Jupiter or 
Venus ; and if a small wax taper be placed near tiie candle, 
it will appear as a satellite to the planet; if the taper be 
HKtyed round the candle, the satellite will be seen to go 
rouhd the planet. 

4. The Simple Camera Ohbcura^ 

A camera obseura, \erv useful to pa.ntcrs, artists, &c, 
may be easily coiistrucred by means ol a single lens only. 
When liindsc.ipes or ilistant objecib are to be '•c* presented, 
a lens lioin 4 to 12 feet locus may be useil, according to 
the size of the looin and the |iieiure. B'l'. lor representing 
smaller figures, modeF^ or putures, a lens from about 9 
to 12 inelies locus, .md about 2 inches and a hall in diameter, 
will be bcflt. It must be fixed in a ball and socket, or, 
simply in the window-sliutter ol the darkened room, iilee 
fig. 54, pi. !'J, A small temporary woe Jen fr.ime or s^tage, 
B, may l.e attached to the shutter, on which must be 
steadily fixed the figure or picture c, inverted. 'Fo suit 
lenses of dJ.hrent foci, the stage may be conveniently 
from 12 to 24 inches in length. 

A white pa^^ei* screen, d, being brought by trial to a 
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suitable distance within the darkened room, will receive a 
beautiful representation of the external objects, and from 
which the artist may readily copy, or trace the various 
parts of them. 

' By means of a plane reflecting glass mirror,^ placed 
obliquely, the images may be reflected down on a? white 
painted table, or one covered with white papcr,'Within 
the room ; but in this case they will not appear bright or 
distinct, owing to the light being somewhat diminished by 
this reflection. 

S. The Dioptrical Paradox^ or Optical Deception, 

Plate 17, lig. -55, represents the dioptrical paradox. It 
consists of a mahogany base abcd, about 8 inches square, 
with a groove, in which slides various coloured prints, or 
orniiuiental drawings: and connected with the base are, a 
pillar L, a horizontal bar f, with a perspective g, which is 
placed exactly over the centre of the base, and containing 
a glass of a particular form. The curious and surprizing 
effect of this instrument is, that an ace of diamonds, in the 
centre of one of the drawings, when placed on the base, 
.shall through the persyiective g be actually represented as 
the ace of clubs ; a ligurc of a cat in another, seen as an 
owl ; a letter a, as an o ; and a variety of others equally 
astonishing. 

Tile principle of this machine is very simple, and is as 
folIo^^s. The glass in the tube g, which produces this 
change, is somewhat ou the principle of the common 
inulMplying glass, and is icprcsented at lig. 56. The only 
difference is, that its sides are flat, and diverging from its 
hexagonal ba^e upwards, tr i point in the axis of the glass, 
like a pyraniul, each side forming an Isosceles triangle. Its 
dilstance from the eye is to be so adjusted, that eachRilgiilar 
side, by its refractive jiower on the rays of light coqding 
from the border of the print, and such a portion designedly 
tliere placedj will refract to the eye the various parts as 
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one entire iigure to be represented ; the shape of the glass 
pcepenting any appearance of the original figure in the 
' centre], such as the ace of diamonds, being seen: so that 
the ace of clubs being previously and mechanically drawn 
on the circle of velraction, at six different parts of the 
borc|er, 1, 2, 3, 4, 5, 6, fig. 57, and artfully disguised 
there h}' blending them with it; then the glass in the tube’ 
<3 will change, in appearance, the ace of diamonds into 
the ace of clubs. And in like manner for the other prints. 

6 . The Optical Paradox, 

Plate 17, fig. 58, is a representation of the double per- 
spective, or optical paradox. One of the perspectives of 
the instrument being placed before the eye, an object will 
be seen directly through both. A hoard a, or any opake 
object, being interposed, will not make the least obstruction 
to the rays ; and tlic observer will be surprized that he 
sees through a perspective having the property of penetrat- 
iijg as it ere eitlier solid metui or wood. 

The artifice in tins instrument consists chiefly in four 
small plane mirrors, u, b, c, d, of whn h a and d are placed 
at an angle of 45 degree^ in the two perspectives, and b 
and c parallel to them in the trunk below; this being so 
formed as to appear only as a soliil liandle to tlie two per- 
spectives. It is hence obvious that, on the principle of 
catoptrics, tiie olijcct t, falling on the fiist mirror d, will 
be reflected doivn to c, thence to b, n up to a, and so 
out to the eye, giving the appeal aiice in' the straight lineal 
direction ad. 

7. The Endless Gallery. 

\y^g. 5'-^ pi. 17, represents a box, about 18 inches in 
Jength, 12 ill width, and 9 deep, oi any others that are 
.nearly in thii same proportions. Against each of its oppo- 
site ends A and b within place a plane true-ground glass 
pnirror, as tree 1 rom veins as possible, of the dimensions nearly 
equal to the faces, only allowing a small space for a trans- 
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parent paper, or other cover, at top. F rom the middle of 
the mirror c, placed at b, take off neatly a round surface 
of the silverinjr, about an inch and half in diameter, 
against which, in the end of the box, must be cut a hole of 
the same size, or less. The top of the box should be of 
glass, covered w'lth gauze, or of oiled transparent paper, 
to admit as much light as possible into the box. Oft the 
two longer sides within must be cut or placed two grooves, 
at i: and r, to receive various drawings or paintings. 
Indeed many grooves mav be cut in tlie sides, for the re- 
ception of a variety of olijccts. T^vo paintings or good 
drawings, of any perspective subiect, must be made on 
the two opposite faces of a pasteboard, as at lig. 60, m, 
such as a forest, gardens, colonnades, &c : alter liavnig 
cut the blank parts neat I v ont, place them in the two 
grooves, E, E, of the box. 'fake also two other boards, of 
the same dimensions, painted on one side only w ith similar 
subjects, to be placed «it the opposite ends c and n ; ob- 
serving that the otic wbicli is to be placed against c should 
have not In rig drawn there to prevmit the sight, and that 
tile other, lor the opposite end d, should also not bo very 
full of figures, that after being neatly cut out, and placed 
against the glass, it may eover but a small part of it. The 
to]) being tlien closed ov(T with its transparent cover, the 
instruineiiL is ready for n>e. 

The effect is very striking and entertaining. The eye, 
being applied to the hole c, will sec tin*, various objects 
drawn on the s( eaies relleUed in a successive and endless 
manner, 1)\ being rellocLcd ilternatcly from each mirror to 
tliut which IS opjiohite. i\s lor instance, if they be trees, 
they will appear an entire errove, very long, seemingly 
without end; each imiror rv'peuting tlio objects more 
faintly, as tin rellections are more numerous, and so i(jon- 
tributing still nn>re to the illusion. 

Ingenuity will suggesSt a variety of amusing figures, of 
men, women, &c, to increase the effect. And two mirron 
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may also be placed' on the longer sides, to convey an idea 
of great breadth, as well as length. 

8. The Real Apparition^ 

Behind a partition AB,(fig. 62, pi. 18), place somewhat 
inclined a concave mirror kp, which must be at least 10 
inches'in diameter, and its distance equal to three-fourths 
from its centre. In the partition is cut a square or circular 
opening, of 7 or 8 inclies in diameter, directly opposite 
to the mirror. Behind tins a strong light is so disposed 
as to ilJuniiiiate strongiv an f>l)jot t jilaced at c, without 
ung on the mirror, and without heing seen at the open- 
i'«ene,ith the aperture, and behind the screen, is 
ced :inv object at r, w hicli is intended to be represented, 
but in an inverted position, winch may be either a How'cr, 
or ligure, or pictcu , Befoie the partition, and below 
the ajpTinie, place a flo\verpot n, or other ped(‘stiil suit- 
able to the? object < , so as ibe top may be even with the 
bottom of the aperture, and that the eye placed at g may 
see the llow'cr in ihe s.inie position as if its stalk came out 
of tile pot, 'J hs' siine between lli'“ nu-ior and the back 
]iart of the pairitioii bv'iiig ipainieil hi i Jv, to prevent any 
extraneous light lx i-ig reflected on ti-s mnror; and indeed 
the whoh* disposed so as to he as little* enlightened as 
possible. — "Mien a p'cr.son piaca'd at n will jierceive the 
flower, .jr other t;l>jcet, placed bcliind "he partition, as if 
scuiuling in the llowerjxn, or jKsh'sta) : h ;l on putting forth 
bis hand to pluck it, he will find that Ik grasps only at a 
phantom. 

Fig. (iy>^ pi. 18, represents a different position of the 
mirror end partition, and better adjpted for exhibiting 
eflcct b'' various objects, abc is a thin partition of a 
I'dom, dow’.i to the floor, with an aixsrture for a good 
convex lens turned outwards into the om, nearly in a 
horizontal direction, proper for viewir ^y the eye of a 
person standing upright from the floor footstool, n is 
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a large concave mirror, supported at a proper angle,. to 
reflect upwards through the glass in the partition b, images 
of objects at e, presented towards the mirror below. A 
strong light from a lamp &c, being directed on the object 
Ei and no where else ; then to the eye of a spectator at 
in a darkened room, it is truly surprizing and admirable 
to what effect the images are reflected up into the atr^at g. 

It is from this arrangement that a showman, both in 
London and the country, excited the people to the sur- 
prize of wonderful apparitions of various kinds of objects, 
such as a relative’s features for his own, paintings of 
portraits, plaster figures, flowers, fruit, a sword, dagger, 
death’s head, &c. 

The phenomena to be produced by concave mirrors are 
endless; what have been just described will be a sufHcient 
specimen of what might be exhibited to elucidate the 
principles of that curious machine. 

PROBLEM LXIV. 

/s ti true (hat Light is reflected with more P^ivacity from 
Air, than from Water ? 

This assertion is certainly true, provided it be under- 
stood in a proper sense, that is as follows : when light 
tends to pass from air into water, under a certain obliquity, 
such as 30'’ for example, the latter reflects fewer rays, 
than when the light tends, under the same inclination, to 
pass from w^ater into air. But what is very singular, if the 
air were entirely removed, 'O as to leave a perfect vacuum 
in its stead, the light, so fai from passing with more facility 
through this vacuum, whieii could oppose no resistance, 
would experience more difficulty, and more rays would be 
reflected in the passage. 

We do not know why this has been given in the PhUo^ 
sophical Transactions as a paradoxical novelty; for thia 
kind of phenomenon is a necessary consequence of the 
law of refraction. When light indeed passes from a rare 
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ipedium into a denser, as from air into water, the passage 
is always possible ; because the sine of the angle of rc- 
'V fraction lawless than that of the angle of incidence, that is 
to say, these sines, in the present case, are in the ratio of 
3 to 4. But, on the other hand, when light tends to pass 
obliquely from water info air, the passage under a certain 
de^l^ of obliquit}’ is impossible, because the sine of the"*^ 
angle of refraction is always much greater than that of 
the angle of incidence, tlieir sines, in this case, being m 
the ratio of 4 to 3. Theic is therefore a certain obliquity 
of such a nature, that tlic sine of the angle of refraction 
would be much greater thaii the radius; and this will 
always happen when the sine of Llie angle of incidence is 
greater, lioivever small the cxeess, tlian A of the radius, 
which corresponds to an angle of 48° 30'. But a sine can 
never exceed rath us, consequently it is impossible, in this 
case, that the ray oi light should penetrate the new medium. 
Thus while light passes from a rare medium into a denser, 
from air into water for evamplo, under every degree of 
inclination, there are some ^a^^s, viz, all those which form 
with the refracting substance an angle less than 41'’ ‘24', 
that will not admit of tlie pa.ssage of i'ght from water into 
air: it is then under the necessity o( being retlected, and 
refraction is changed into rellection. Bui though light 
may pass from wMter into air, under greater angles of in- 
clination, this tendency to be rcflccr.d, or this difficulty 
of proceeding from one iiiediiiin niro another, is con- 
tinued at all these angles, in such a manner, that fewer 
rays are reflected when they tend to pass from air into 
water under an angle of 60°, than when they tend to pass 
fi!'om ivater into air under the same angle. In the last 
plaee, 'vhen light lends in a perpendicular direction from 
i^ter into air, it is more reflected than when it tends to 
pass in the same direction from air into water. 

This truth may be proved by a very simple experiment. 
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Fill a bottle nearly ? \n tlnrils with quicksilver, and fill up 
the other third witli water; l)v which me^ns you will have, 
two parallel surface^, one of water, and the bthef of quick>«"^ 
silver. If you then place a luminous object at a mean 
height between these two surfaces, and thO< eve on- the 
opposite side at the same height as the object, yoil will 
see tlie object through the bottle, and reflected almost 
with equal vivacity from the surface of the quicksilver, 
and from that whic:h separates the water and the air* The 
air then, in this case, rc fleets the light with almost as much 
vivacity as the quicksilver. 

Rem All KS. — 1st. VVe have reason therefore to conclude, 
that the surface of tlie water, to beings immersed in that 
fluid, is a much stronger reflecting mirror, than it is to 
those beings winch are in the* air. Fishes see themselves 
much more distinctU, and clearly, when they swim near 
the surf.icc of the wa!er, than \vc sec ourselves in the same 
surface. 

2d. Nothing is better calculated than this phenomenon 
to prove tln‘ truth of the reasons assigned by Newton for 
reflection and refraction. Light passing from a dense 
fluid into a i.irer, is, acconhng to Newton, exactly in the 
same case as a stone tin own obliquely into the air; if we 
suppose that the power ot gravitation does not act beyond 
a determinate distance, such for example a.. 24 feet; for 
it may be demonstrated that, in this case, the deviation of 
the stone would be exactly the same, and subject to the 
same laiv, us that followed h\ light in refraction. There 
\voiild also be certain iin lin.tion.s under winch the stone 
could not pass from this atmo^pliere of gravity, tboUj^h 
there were nothing bexoiul n capable of resisting it, sifld 
even though there were a perlect vacuum. 

In this case however vve must not say as a certain -cere* 
brated man, when explaining the Newtonian philosophy, 
that a vacuum reflects light : this is only a mode of speakr 
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iag. To^express our ideas correctly, we ought to say that 
hgbt is sent back with greater force to the dense medium, 
'&# the medium beyond it is iiErer. 

We are far from being satished with what is said on this 
subject in the Dictionnaire d* Industrie, into which one 
may be surprized to sec optical phenomena introduced ; 
for 'itHs there asserted, that this phenornc*non depends on 
the impenetrahdity of matter, and the high polish of the 
reflecting surface. Hut when light is strongly reflected, 
during its passage from water into a vacuum, or a space 
almost free from air, where is the impenetrability of the 
reflecting substance, since such a space has less impene- 
trability than air or water ? In regard to the poitsh of the 
reflecting surface, it is the same, both for the ray which 
passes from air into water, and that which passes frora 
water into an*. 


proulkm lxv. 

Account of a Phenomenon, either not observed, or hitherto 
nr old led by Philosophers. 

If yon hold your finger in a perpendicular direction 
ver\ near your e>e, that is to say, at the distance of a few 
inches at most, and look at a candle in such a manner, 
that the eilgo (d' your finger shall appear to be very near 
the flame, \ou will s^ec* i!ie border of the flame coloured 
red. If \ou tin ri move the edge of ' finger before 
the flame, so as to Mifur only tlie other border of it to be 
seen, tins border will appear tinged with blue, ivbile the 
edge of your finger will be coloured red. 

I^f the same expeuiment he tried with an opake body 
sul^bundeci hv a luminous medium, ^‘‘ch for example as 
the upright bar of a sash windo\v, the colours will appear 
in contrary order. When a thread of light only remains 
between your linger ami the bar, the edge of the finger 
will be tinged khI, and the edge next the bar will be 
bordered with blue ; but wh^n yon firing the edge of your 
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finger near the second edge of the bar, so that it shall be 
entirely concealed, this second edge will be ]t:jngc4 
and the edge of the finger would doubtless appear to be^ 
coloured blue, were it possible that this dark colour could 
be seen on an obscure and brown ground. 

This phenomenon depends no doubt on the difi^^nt 
refrangibility of light ; but a proper explanation of it Vas 
never yet been given. 

PROBLEM LX VI. 

Of some other Curious Phenomena in regard to Colours and 

Vision. 

I. When the window is strongly illuminated by the light 
of the day, look at it steadily and with attention for some 
minutes, or until your eyes become a little fatigued ; if 
you then shut your eyes, yon will see in your eye a repre- 
sentation of the squares which you looked at; but the 
place of the bars will be luminous and white, while that of 
the panes will be black and obscure. If you then place 
your hand before your eyes, in such a manner as absolutely 
to intercept the remainder of the light which the eyelids 
suffer to pass, the phenomenon %vill be changed ; for the 
squares w'ill then appear luminous, and the bars black : if 
you remove your hand, the panes will be black again, and 
the place of the bars luminous. 

II. If you look steadily and wdth attention for some 
time at a luminous body, such as the sun, when you direct 
your sight to otlier objects in a place very much illu- 
minated, you will observe there a black spot : a little less 
light will ipake the spot appear blue, and a degree still 
less will make it become p ^rple : in a place absolutely 
dark, this spot, which you have at the bottom of your eye, 
will become luminous. 

III. If you look for a long time, and till you are soitfe- 
wliat fatigued, at a printed ,book through green glasses ; 
on removing the glasses, the paper of the book will appear 
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reddish : b^iit if you look at a book in the same manner, 
thi^ough red^glasse^.; when you lay aside the glasses, the 
]^per of the^boDk will appear, greenish. 

IV. If you look with attention at a bright red spot on 
a \vhite ground, as a red wafer on a piece of white paper, 
you see, after some time, a blue border around the 
wafe^^,Jj[ you then turn your eye from the M-afer to the 
white paper, you will see a round spot of delicate green, 
inclining to blue, whicii will continue longer according to 
the time you have looked at the red object, and according 
as its splendour and brightness iiavc been greater. On 
directing your eyes to other objects, this impression will 
gradually become weaker, and at length disappejii,r. 

If, instead of a red wafer, you look at a yellow one ; on 
turning your eye to the white ground you will observe a 
blue spot.— zV green wafer on a white ground, viewed in 
the same manner, will produce in the eye a spot of a pale 
purple colour: a blue wafer will produce a spot of a pale 
red. 

In the last place, if a black wafer on a white ground be 
viewed in the same manner, after looking at it for some 
time with attention, you will observe a white border form 
itself around tlic wafer; and if you then turn your eye to 
the white ground, you will observe a spot of a brighter white 
than the ground, and well defined. When you look at a 
white spot on a black ground, the case " ill be reversed. 

In these experimenrs, red is opposed green, and pro- 
duces it, as green produces red ; blue and yellow are also 
opposed, and produce each other; and tlie case is the 
same with black and white, which evidently indicates a 
constant cfiect depending on the organization of the eye, 

JThis r what is called the Accidental colours, an objea 
first considered by Dr. Jurin, which Buffon afterwards 
extended, and respecting which he transmitted a memoir 
in 1743 to the Royal Academy of Sciences. This cele- 
brated man gave no explanation of these phenomena, and 
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only observed that, though certain in regard to the cor- 
rectness of Ills ex|i)criiiieiits, the consciences did not ajv 
pear to he so well establish^ as to adnlll ofhis fprmit^ 
an opinion on the production of these colours. Inhere is 
reason however to believe that he would Jla^’e explained 
the cause, had he not been prevented by other occufltl^qtO^. 
But this deficiency has been supplied by Dr. G4£Ki|a(^ of 
Montpellier i for tlic explanation which he has given of 
those phenomena, and several others of the same kind, in 
the Journal de Physique for May and July 1776, seems to 
be perfectly satisfactory. 

problem lxvii. 

To detemnine how long the Sensation of Light rernains in the 

Eye. 

The following phenomenon, which depends on this dura- 
tion, is well known. If a fiery stick be moved round in a 
circular manner, with a motion sufficiently rapid, you will 
perceive a circle of fire. It is evident that this appear- 
ance arises merely from the vibration impressed on the 
fibres of the retina not being obliterated, when the image 
of the fiery end of the stick again passes over the same 
fibres; and therefore, though it is pi obable that there i? 
only one point of light on the retina, you every moriicnt 
receive the same sensation as ii the luminous point left a 
continued trace. 

But It lias been found by calculating the velocity of a 
luminous body put in mot on, that when it makes its revo- 
lution in more than 8 third-, the string of fire is intenrtip^ 
ed ; and hence tlicre is reason to conclude, that the im- 
pression made on the fibre continues during that intorval 
of time. But it may be asked, whether this time is the 
same for every kind of light, wiiatcver be its intensity > 
We do not think it is ; for a brighter light must excite a 
livelier and more durable j^pressioii. “ ^ 
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^^UPPLEMKNT, 

' Vontainhig a^snbrt Account of the Mn.il Curious Micros 
scopical Obscrpations. 

PIJILOSOPHKRS were no sooner ui possession of the 
miOll^^dpc, than they begin to einphoy this wonderful in- 
Stru^c^t'in examining the strut tore of liodies, \v!»ich, iu 
ronse^juence of their minuteness, had hefore eluded their 
observation. There is scaicely an oh; ft in nature to 
which the microscope has not been applied ; and several 
have exhibited such a spectacle as no one could have ever 
imagined. What indeed could. be more unexpected than 
the animals or mohcula' (for plniosophers> are not yet 
agreed in regard to tiieir aniniahty) which are seen swim- 
ming in vinegar, in tlie infu.sioii's of plants, and in the .semen 
of animals ? What can be more enriom than the mechanism 
in the organs ot tlie greater jiart of insects, and particu- 
larly those whicli in general e.sc.ipe our notice ; such as the 
cyc.s, trunks, feeler'^, tea ebra^ or augres, ? What more 
worthy of admiration than tlie composition of the blood, 
the elements of wliieli we arc enabled to pi rccivc by means 
of the microscope; the texture ol tiic epidermis, the 
structure of tlie hclien, that of mouhliness, &e? We shall 
here t,ike a view of tlie principal of ilie.se phenomena, and 
give a short account of the mosl curios -s observations of 
this kind. 

Of the Animals, or Pretended Animals, in Vinegar, and 
the infusions of plants. 

1st. Leave vinegar exposed for some days to the air, 
and then place a drop of it on the transparent object-plate 
of the microscope, whether .single or compound : if the 
objcct-plate be tliumiiiated from below, you will observe 
in this drop of liquor, animal'^ re$fembling small cels, which 
arc iti continual motion. On account of the circiimvolu- 
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tions wliicli they make with their long, slentlcr bodies, they 
may be justly compared to small scrpelits^^ : ' 

Uut it would he wrong, as many sim^^ people have 
done, to ascribe the acidity of vinegar to the action of these 
animalcules, w'bcthcr real or supposed, on the tongue and 
the organs of taste; for vinegar deprived of them Ueq|UaiJy 
acid, if not more so. These cels indeed, or serpents, are 
never seen but in vinegar which, having been for aome 
time exposed to the uir, is beginning to pass from acidity 
to putref.ietion. 

2d. If you infuse pepper, sligiitlv bruised, in pure water 
for some days, and tlien expose a drop of it to the micro- 
scope, you uill behold small animalb of another kind, al- 
most wiilioiit number. They are of a moderately oblong, 
elliptical form, and are seen in eoiitinual motion, going 
backwards and forwards in all directions; turning aside 
when they meet each other, oi when their passage is stop- 
ped by any immoveable mass. Some of them are observed 
sometimes to lengtlien tlieinselves, in oulcr to pass through 
a narrow space. Certain autliort. of a lively imagination, 
it would appe.ir, even pretend to have seen them copu- 
late, and bring loitli ; but this assertion we are not bound 
to believe. 

If other vegetable bod:es be infused in Avater, you will 
sec animalcules of a dilYcrent shape. In certain infusionsi 
they are ol an oval !orm, with a Miiull bill, and a long tail: 
in others they have a lengthened shajie like lizards; in 
somctlif v exhibit the appearance of certain caterpillars, or 
worms, armed with hnig bristles; and some devour, or seeoi 
to devour their companion'*. 

When tl'e drop m whit’i they swim about, and which 
to them is like a capacious bason, becomes diminislieckby 
the edect of evaporation, they gradually retire towards the 
micUlle^ w’lere they accumulate themselves, and at length 
perish when entirely deprived of moisture. They them 
appear to be in great distress; writhe Uicir bodies, and 
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endeavour to escape from death, or that state of uneasiness 
^vhicli they eiscpc^rience. In general, they a have strong 
aversioiivlo salii^^'^Or acid iif|uors. If a small rpiantity of 
vitriolic acid be- put into a drop of infusion M'hich s\varms 
with these insects, they immediately throw themselves on 
bacLs and eicpirc j sometimes losing their skin, which 
burstfii ^od suffers to escape a ipnintity of small globules 
that may be often seen through their transparent skin. 
The case is the same if a little mine be thrown into the 
infusion. 

A question here naturally arises: ought these moveable 
niolociiliE to he considered as animals? On this subject 
opinion;^ are divideil. niiHon thinks they are not animals; 
and consigns them, as well as j^permatic animals, to the 
class of certain bodies which he calls organic molcculcc. 
But what is meant by the expression organic nioh'culae? 
As this question would require too long discussion, wc 
must refer the reader to the Natural History of that learned 
and celebrated writer. 

Needham also contests the animality of these small 
bodies, that is to ‘•ay perfect animality, wdiich consists in 
feeding,! lie rea'.ipg m size, multiplying, and being endowed 
with spontaneous motion ; but 1 h; allows them a sort of ob- 
scure vitality, and from all his observations lie deduces 
consequences on which he lias founded a very singular 
system. He is of opinion that vegctabl • matter tends to 
animalise itself. As the eels produced m fUmr paste act 
a conspicuous part in the system of this naturalist, a cele- 
brated writer has omitted no opportunity of ridiculing bis 
ideas, by calling ihese annuals the ecds of the Jesuit Need- 
liam, and represcMiting him as a parti >an of spontaneous 
generation, which has been justly exploded by all the 
modern philosophers. But ridicule is not reasoning: we 
are so little acquainted with tho hqiindaries between tlic 
vegetable and Animal kingdoms, that it would be presum- 
ing too much to fix them. But it must be allowed that 
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KoetlhaniV ideas on this suliject arci so obscure, our 

opinion few have been able to coinpreHend'jE^erfi.^ , 

Other naturalists ainl • observers assert tbe ahimalitv d^ 
these small beinr^s: for thc}'^ ask, by what can nn aninrat 
be belter characterized tliafi spontaneity of motion ? l^ut 
these moleculic, when they meet (‘ach other in thd'course 
of tlieir movements, retire backwards, not by the feffectof 
a shock as two elastic bodie** wonitl do, but the part ijvhich 
i? generall}' ftaemost turns aside on ibe approach of the 
body that meets it : and sonietinies both move a ]itt|i? from 
tbeir direction, in order to avoid running against each 
other. They have never yet indei'd been seen for certain 
to copulate, to piodnce eggs, or even to fcerl ; but the last 
mentioned luiictioii they may perlorm without any ap- 
parent act like the greater part of the otlier animalcules. 
The smallness and strange lorm of these inolecul® can af*. 
ford no argument against their animality. I'hat of the 
water polypes is at present no longer doubted, though 
their form is very extraordinarv, and perhaps more so 
than that of the moving nioleetilie of intusions. Why 
then should animality he refused to the latter.? 

It might however be replied, in opposition to this sup- 
posed simiiai itv, that the polype is seoii to increase in size, 
to regenerate itself, ni a way imleed very dilierent from 
that^of the generality ol animals, and in particular to feed. 
The pretended nr.croscopie animals do notinng of the kind, 
ami conseiiuentlv ought not t* he ranked in the same class. 
But It must he allow'cd that lias subjeet is still involved in 
very great ob-'Ciirity ; and therelore prudence requires' 
that we should suspend our opiiiiun respecting it. 

§n. 

Of Spermafic Animals, 

Of the microscopic discoveries of the last century, none 
has made a greater noise than that of the mo'ving inole^ula^ 
observed in the semen of animals, and wdiich are called 
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Spinnaiic iimtiiaUules, This singular discovery waa,first 
Qiadc and C^UiElou need by the celebrated Lewenhoek, who 
observed in humun semen a multitude of small bodies, 
ikiost of them with very long sleiider tails, and in cqiUniual 
motion. In si^e the}^ were much less than tlie small(3St 
grain of sand, and even so miiiiitc in some seminal h(]Uors 
that iA hundred thousand, and even a million of them were 
nbt equal to a poppy seed. Ky another ealeulation Lew an- 
hoek has shown, that in the milt ol a cod-fish, there nru 
more animals of this species, than human beings on tlie 
whole surface of the earth. 

Lewenhoek examnu'd also the prolilie htinor of a great 
many aninials,‘both quadrupeds and hiriL, and that even 
of soQie insects. In all these lie ohMU'ved nearly the same 
phenomenon ; and these u‘^oaK*he^ since repeaU'd by manj 
other observers, have given rise to a system m legard to 
generation, which it is uniiecessury here to explain. 

No one however has made more careful, oi mure coiv 
rect obsciviUions on tins subject, than lJulfon j and lor 
this reason we shall give a .shoit view ( f them. 

This celebrated naturalist, having jirocured a consider,* 
able quantity of semen, extracted fioin the seminal vessels 
of a man who had perished by a violent death, observed 
in it, when viewed tlironghaii cxeelleiit microscope, long,* 
ish hlaiuents, w'Ineh lucl a kind ol vibratory motion, and 
which ajqn’aicd tx) contain in tlm insidt nail bodies. TIiq 
semen having assumed a little more lluniiLy, he saw these 
filaments swell iq« in some point'>, and oblong eiiipiical 
bodies issue from them ; a pan of which remained at first 
attached to the filaments by a very slender long taii. 
Some time after, wdicii the semen ii.id acquired i^>till 
greater di. ;ree of ilindity, the fiUinents disappeared, and 
nothing remained in the liquor but these oval bodies with 
tails, by the extremity of which the^ seemed attached to 
th^.flqU]^ and on which they balanced them^elve^ like a 
pendulum, liavmg however a progressive m<»tio{iy though 
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sloWj and as it were embarrassed by the efeh^slr 

tails to the fluid ; they exhibited also a sort df fieayiHg mo- 
tion, which seems to prove that they had not a flat base, 
but that their transverse section was nearly round. In 
about twelve or fifteen hours after, the liquor havin|» ac- 
quired a still greater degree of fluiditj", the small moving 
moleculsB had lost their tails, and appeared as elliptic 
bodies, moving with great vivacity. In short, as the mat- 
ter became attenuated in a greater degree, they divided 
themselves more and more so as at length to disappear, or 
they were precipitated to the bottom of the liquor, and 
seemed to lose their vitality, 

Buffbn, while viewing these moving moleculie, once 
happened to see them file off like a regiment, seven by 
seven, or eight by eight, proceeding always in very close 
bodies towards the same side. Having endeavoured to 
discover the cause of this appearance, he found that they 
all proceeded from a mass of filaments accumulated in one 
corner of the spermatic drop, and Avhich resolved itself 
successively in this manner into small cniongated globules, 
all w'ithoiit tails. This circumstance reminds us of the 
singular idea of a naturaliht, who observing a similar phe- 
nomenon in the semen of a ram, tlioiiglit he could there see 
the reason of the peculiar projicnsity which sheep have to 
follow each other, w hen they murch together in a flock. 

Buffon examined, in like manner, the spermatic liquor 
of various other animals, such as the hull, the ram, &c, 
and always discovered the same moleculaj, wdiich at first 
hud tails, and then gradually lost them as the liquor as- 
sumed more fluidity. Sometimes they seemed to have no 
tails, even on their first appearance and formation. In 
this respect, Biiflbn's observations dift’er from those of 
Lewenhoek, who always describes these animalcules as 
having tails, with which he says they seem to assist them- 
selves in their movements ; and he adds, th^t they are seen 
to twist themselves in diflerent directions. Buffon’s ob* 
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those of the Dutch uc-ituralist in 
another res'^ect, as the latter says that lie never could dis- 
cover any trace of these animalcules in the semen or liquor 
extracted from the ovaria of females ; whereas Butfon saw 
the same moving mnlecul<e in that liquor, but not 'so often, 
and only under certain circmnstanccs. 

It appears from wliat has been said, tliat many researches 
suU lemam to be made in regard to the nature of these 
moving moIccnIaE;; since two observers so celebrated do 
not agree in all the circumstances of the same fact. 

Nothing of this kind is observed in the other animal 
fluids, such as the blood, lymph, milk, saliva, unne, gall, 
and chyle ; which seems to indicate that these animalcules, 
or Jiving molecula:, act a part in generation. 

§iir. 

Of the Anivials or Moving Molecular in Spoilt Corn, 

This is another microscopic observation, winch may 
justly be considered as one of the most singiil.ir ; for if \vc 
deduce from it all those consequences which some .lutliors 
do, it exhibits an iiisiance of a resuvit ction, repeated, as 
we may say, at pleasure. 

The disease of corn which produces this phenomenon is 
neither smut nor blight, as some authors for want of a suf- 
ficient knowledge in regard to the sjiecific dilFerences of 
the iiiH ladies of giain, have asserted, I;ui what ought pro- 
perly to be called ahcrlion or rachitU, Xf a grain of corn, 
in this state, be opened wiih caiuiun, il will be found filled 
with a white substance, which readily divides itself into a 
multitude of small, white elongated bodies, like small eels, 
swelled up in the middle. While tliese moicculee, for we 
must be allowed as yet to remain neuter in regard to their 
pretended animality, are in this state of dryness, they ex- 
hibit no signs of life ; but if moistened with very purq 
water, they immediately put themselves in motion, and 
show every mark of animality. If the fluid drop, in which 
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tliey are placed, be suffered to dry, they lose t^p^iao- 
tion ; but it may be rcstoied to them at plesib^re, even 
some mouths after their apparent death, by^^lnI^^ersi^lg 
them in water. Fontana, an Italian naturalist, does not' 
hesitate to consider this phenomenon as a real rcsurrec* 
tion. If this circumstance Ahonld be vcrihed by repeated 
observations, and that also of the Peruvian serpent, whicli. 
may be restored' to life by plunging it in the mud, its 
natural elemeut, several mouths after it has been suffered 
to dry at the end of a rope, our ideas respccliug animality 
may be strangely changed. Hut we must confess that we. 
give very little credit to tlie latter fact ; though Bouguer, 
who relates it on the authority of Father Gmnilla a Jesuit 
and a French Surgeon, does not entirely disbelieve it. 
Some other observers, such as Roffrcdi, pretend to have 
distinguished, in these eel-formed molecula*, the aperture 
of the mouth ; that of the female parts of sex, &c. They 
assert also that they have perceived the motion of the 
young ones contained in the belly of the mother eel, and 
that having opened the body, the young were seen to 
disperse themselves all over the objt ct-plaio of the micro- 
scope. These observations deserve to be further exa- 
mined, as a confirmation of them would throw great light 
on animality. 

§IV. 

On tht Movements of the Tremella. 

The tiemella is that geiatinous, green plant, which 
forms itself in stagnant water, and which is known to 
naturalists by the name of, conferva gelutinosa omnimn 
tenerrima et minima j Mquarum livio innascens* It consists 
of a number of filament.^ intci woven through each other, 
which when considered singly are composed of stpall 
parts, about a line in length, united by articulations*- ' 

This natural production, when viewed naked 

eye, exhibits nothing remarkable or uncominon ] but by 
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xneansi jl^^^i^pscopic observations, two very extraordinary 
propei'ti^-^jE; been discovered in iti^'^One is, the spon- 
taneous" tnoCibn with which these lilaiuents are endowed. 
If a single one sufficiently moistened, be placed on the ob- 
ject-plate of the microscope, its exticinitiesare seen to rise 
and fall alternately, and to move sometimes to the right 
and sometimes to the left: at the same time, it twists itself 
in various directions, and without receiving any external 
imprcBsion. Sometimes, instead of appearing extended 
like a straight line, it forms itself into an oval or irregular 
curve. If two of them are placed side by side, they be- 
come twisted and twined together, and by a sort of im- 
perceptible motion, the one from one side, and the other 
from the other. This motion has been estimated by 
Adanson to be about the 400th part of a line, per minute. 

The other projierty of this plant i'^, that it dies and ic- 
vives, as we may say, several times; for if several fila- 
ments, or a mass of tremeila, bo dried, it entirely loses the 
faculty above mentioned. It will remain several months 
in that state of death or sleep ; but wdien immersed in tlie 
necessary moisture, it revives, recovcis its power of mo- 
tion, niul multi[)lie.s as usual. 

The abbe Fontana, a celebrated ob'-erver of Parma, does 
not hesitat<", in conieepienee of those facts, to class the 
tivinella among the numbei of tiic Zoophytes ; and to 
consider it .is the link whieh conneris the vegetalile with 
the animal kingvlom, or the animal w ii ' the vegetable ; in 
a word as an animal or a vegetable ‘'.ulowed with the 
singular property of being able to die and to revue al- 
ternately, But IS this a real death, or only a kind of sleep, 
a suspension of all the faculties in which the life of the 
plant consists ? To answer this quesih'.n it would be neces- 
jary^to hnow exactly what is the nature of death ; a great 
deal^fhi^ht be said on this subject, were not sucii disquisi- 
tions foteigii to the present work, * 
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0/ the Circulation of the Blood, • 

Those xvho are desirous to observe the circulation of the 
blood by means of the microscope, may easily obtain. that 
satisfaction. The objects employed chiefly for this pur- 
pose, are the delicate, transparent member which unites 
the toes of the frop;, and the tail of the tadpole. If this 
membrane be extended, cand fixed on a piece of ^lass il- 
luminated below, you will observe with great satisfaction 
the motion of the blood in tlie vessels with which it is in- 
terspersed : you will imagine that yon sec an archipelago 
of islands with a rapid current flowing bcLwccn them. 

Take a tadpole, and liaving wrapped up its body in a 
piece of thin, moist cloth, place its tail on the object- plate 
of the microscope, and enlighten it below : you wdll then 
sec very distinctly tlie circulation of the blood j which in 
certain vessels proceeds by a kind of undulations, and in 
others with a uniform motion. The former are the 
arteries, in which the blomi moves in consequence of the 
alternate pulsation of the heart ; the latter are the veins. 

Tlie circulation of the blood may be seen also in 
the legs and tails of shrimps, by putting these fish into 
water with a little salt , but their blood is not red. The 
wings of the locust are aIr>o proper for this purpose ; in 
these the observer will see, not without satislaelion, the 
green globnle.s of their blood carried away b\. tlie .serosity 
in which they float. The trauspurent legs of small spiders, 
and those of small hugs, wifl also afford the means of ob- 
serving the circulation o( their blood. The latter exhibit 
an extraordinary vibration of the vessels, which Mr. Baker 
says he never s,aw any where else. 

But the most curious of all the spectacle3 of this kind, 
is that exhibited by the mesentery of d living frog, supplied 
in particular to the solar microscope, which Mr. Baker 
tells us he did in company with Dr. Alexander Stuard, 
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phjS^k^an to the queen. It is impossil)le to express, says 
he, the tvoti^crful scene which presented itself to our cyes^ 
We saw at the same moment the blood, which flowed in a 
prodigious number of vessels, moving in some to one side, 
arid in others to the opposite side. Several of these ves- 
sels were magnified to the size of an inch diameter ; and 
the globules of blood seemed almost as large as grains of 
pepper, while in some of the vessels, wliicli were much 
sirialler, they could pass only one by one, and were obliged 
to change tlicir figure into that of an oblong spheroid. 

§ VI. 

Composition the Blood. 

With the end of a quill, or a very soft brush, take up a 
small drop of blood just drawn from a vein, and spread it 
as thin as possible over a hit of talc ; if you then apply to 
your microscope one of the strongest magnifiers, you will 
distinctly see its globules. 

By these means it has been found, that the red globules 
of the human blood are each composed of six smaller glo- 
bules, united together ; and that when disunited by any 
cause whatever, they are no longer ol a red colour. These 
red globules arc so exceedingly minute, that their diameter 
is only the 160tli part of a line, so that a sphere of a line 
in diameter w'ould contain 4096000 of them. 

§ VII. 

Of the !Skin ; its Poies, ai-d Scales. 

If you cut oft' a small bit of the epidermis by means of a 
very sharp razor, and place it on the object- plate of the 
microscope; you will see it covered with a ipiiititude of 
small scales, so exceedingly minute, that, according to 
LeV*^nhock, a grain of sand would cover two hundred of 
them: tiiatisto say, in the diameter of a grain of sand 
there are M or 15 . These scales are arranged like those 
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on the bagk of Ashes, or like the tiles of a Ijoase^^^ftW isi 
each covering the other. > \ 

If you are desirous of viewing their form with in6re con- 
venience, scrape the epidermis with a penknife, and put 
the dust obtained by these means into a drop bf w'ater: 
you will tiien observe that these scales, in general, have 
five planes, and that each eon*>isU of several strata. 

liclow these scales are the pores of the epidermis, which 
when* the former arc rciriovcd may ho distinctly perceived, 
like small holes pierced with an exceedingly fine needle. 
Leucnlioek counted 120 in the Iciiirth of a line; so that a 
lincscpiarc, 10 of u liic ii (orm an inch, would contain 14400; 
conse({uently a srpiaic loot would contain 144000000, and 
as the Mirlacc ol the human hodv may be estimated at 14 
square toct, it mustrontaui 2010 millions. 

luch of tiicso po' Cs corresjionils in the skin to an ex- 
cretory Inhe, the odjri! of which is lined with the epidermis. 
When the epidiTims has been detached fiom the skin, 
these internal prolongaiion-s of the eindcrmis may be ob- 
served 111 the same niiumcr as w'l* see in the reverse of a 
piece of paper, pierced with a blunt needle, the rough edge 
formed by tlic surfacr, whicli has been torn and turned 
ill Winds. 

The jiores of the skm aie more particularly remarkable 
in the hands and tlic IccL* If \ou wash your hands well 
with soap, and look at the jiahii with a common magnifier, 
you will see a ninltiHuh* #if iuirows, between wlncli the 
pores are Mluated. il the Uody be m a st.ite of peispira- 
tion at tlie time, you will se^ issuing from tne«e pores a 
small drop ol liquor, wliich gives to each tlie appearance 
of cl fountain. 

§ VIII. 

0/ the Hair of Aiiwials, 

The hairs of animals, seen thruiigii the microscope, op* 
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bodies, like tbc other p.irN ; and, by 
the vaid^j^^^l^ tluMr texture aiul cduformation, they alFord' 
much subjobt of agreeable observation. In gmieral, tfiey 
appear to be composed of long, slemler, hollow tubes, or 
of sevetdl small hairs covered with a common bark ; others, 
such as those of tlie Indian floor, are hollow fjiiito f broogb. 
Tlie bustles ( f a cat’s whiskers, when cut transversely, ex- 
hibit the appearance of a mcdullarv part, wliicli occupies 
the middle, like the pith in a twig of the cldcr-tree. Those 
of the hedgf'-liog coiiiam a real marrow, which is whitish, 
and formed of rad it. 

As yet howc'ver we are not perfectly certain in regard 
to the organization of the human hair. Some ob-iervers, 
seeing a white line iii the mifldle, have concluded that it 
is a vessel w Inch conveys the nutritive jmee to l!ie extemity. 
Others contest this observation, and maintain that it is 
inerelv an optical dliision, ]jrodurcd by the convexity of 
the hair. It appears however that some vessel must be 
extended lengthwise in the hair, if it be true that blood lias 
been seen to issue at tbc extremitv of the li.iir cut from 
persons attacked w itb that disease c.».ih‘d the Pitta Polomca. 
Jizit quere, is till's observation certam '' 


Sin-^uiarU u's in regarO fa t/ic pifts of most Insects. 

The greaicf ]virt of inscct^ have . 'T moveable eyes, 
which they can cover with eyc-hds at pasisure, like other 
i'mimals. These organs, in the former, ..le absolutely im- 
moveable; and as they are tleprived ol that nsclnl eover- 
ing assigned toolhcr.s for flefcnding them, nature has sup- 
plied thi*'^ deficiency by fuiiiiing them ot .i kind, of corne- 
ous sub"^*.i!ice, proper for resisting loi; s'ltKks to which 
they plight he exposed. 

But It is not in this that the gic.it singnlanty of the eves 
of insects coo^- 1 “^ts, W’e <ii>c()vcr hv the microscope that 
f.het,c C3"es arc tihcniisclvc. d vidcd into a profligions imilti- 
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tude of others much suuiller. If 'wc tahe a ify, 

for example, and examine its eves by the inicfosqppc, we 
shall find that it has on each side of its head a largd excre- 
scence, hkea fiattened hemisphere. 'Fins may be perceived 
without a microscope; but by means of this instrument 
these htmiispheric excrescences will be seen divided into a 
great number oP rhomboids, having in the middle a len- 
ticular convexity, which performs the part ot the crystal- 
line humour. Hodierna counted more than 3000 of these 
rhomboids on one of the eyes of a common fly ; M. Puget 
reckoned 8000 on each eye of aiiotlier kind of fly, so that 
there are some of these insects which have 16000 eyes; 
and thcieare some whicli even have a much greater num- 
ber, fo*- Lewcnlioek counted 14000 on each c;ye of another 
insect. 

These eyes however arc iiol all disposed in the same 
manner: the dragon-fly, for example, besides the two 
liemispherical excrescences on the sides, has bciw'een 
these tivo other eminences, the upper and convex surface 
of w'hich is furnished with a miilutiide of c\es, directed to- 
W'ards the heavens. Tlie same insect has three also in 
front, in the form of an obtuse and rounded cone. The 
case is the same with tlie fly, hut it> c*\(*s are less elevated. 

It is an agreeable s[)ectacle, sa>'. Lewenhoek, to consider 
this multitude of eyes in insicts; for il the observer is 
placed in a certain manner, the neighbonring objects ap- 
pear painted on these ‘.phcrical cmincnres of a diameter 
cxceedinglv small, and by ic ans of tlie microscope they 
are seen multiplied, almost as many times as there are eyes, 
and in such a distinct manner as never can be attained to 
by art. 

A great many more observations might be made in re- 
gard to the organs of insects, and their wonderful variety 
and conformation, but these wc shall reserve for aiiOthdr 
place. 
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Oj the Cheese, and other Injects of the same kind. 

If yoH place on the objcct-plate of the microscope some 
of the dust wJtich is formed on the rind and other rieigh- 
boiiriii^r parts of old cheese, it will be seen to swarm with 
a multitude of small transparent animals, of an oval ti«>ure, 
terminating in a point, and in the form of a snout. These 
insects are furnished with eight scaly, articulated legs, by 
means of which they move themselves heavily along, roll- 
ing from one side to the otlier ; their la'iid is terminated 
by an obtuse body ni the form of a trunc ated cone, wiiere 
the organ through uliich they feed is app.ircntly situated^* 
Their bodies, particularly the lateral parts, are covered 
with several long sharp-pointed hairs, and the anus bor- 
dered vitli hair, a-s ^ecn ni the lower part of the belly. 

There are mites of another kind whieli have only six 
legs winch coiisecpieiitly are of a dilfcrent species. 

Others arc of a vagabond nature, as the observer calls 
them, and are found in all places wImtc there arc matters 
proper for their nourishment. 

This animal is extremely viv.iciou> , lor Leueiilioek says 
that some of them, winch lie had .itti’f lied to a pin before 
his iiiicioscope, lived in that manner eleven weeks. 

§xr. 

Of the Louse and Flea, 

Both these animals arc exceedingly disagreeable, par- 
ticularly the latter, and do not seem proper i'or being the 
subject of microscopic observation ; but to the philosopher 
no object in nature is disagreeable, liecause dtjforiuity is 
merely relative, and the most hideous animal often ex- 
hibits singularities, winch serve to make us better ac- 
(]-uai|^ted with the infinite variety of the works of the 
(creator. 

If you make a louse fast for a rouplc of days, and then 
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])lace it on your hand, voii will sco it soon to 

it, and jiluiijro its trunk into the skin. this 

state by means of ji nncrost ope, you will see, thif^ngh its 
skill, your blood tlowiiig under the lorm of a small stream, 
into Its ventricle, or the vessel that sufif^lics its plaec, and 
thence distributing itself to the other parts, which will be- 
come distended by it. 

This animal is one of the most hideous iu nature: its 
head is triangular, and UMiuinatesin a sharp point, to which 
is united its proboscis or sucker. On each side of the head, 
and at a small distance fiotti its anterior point, are placed 
two large anteiinLC, covered u ith hair; aiul behind these, 
towards the two oihei (-bluse angle's of the triangle, arc the 
aiiirnal’s two eyes. Tlie head is united by a short neck to 
the corslet, whicli lias si\ legs Inrriislicd with hair at the 
articulations, and witli two hooks cacli at tin* extremity. 
The lower part of the belly is almost traiispaieiit, and on 
the sides has a kind of tubeicles, the last of whieli arc fur- 
nished with two hooks. Di. Hook, in Ins Mitrographia^ 
has given the figure of one of tlic-c amin.ils, about half a 
foot in length. Those who sec the representation of this 
insect w ill not he siirpi iscd ai the itching on the skin, wdiich 
it occasions to pci sons, who in tonsi. fjnence of dirtiness arc 
infested witli it. 

The tlea has a great roseuihUiKC U> the shrimp, as its 
back is arched m the same manner as the. hack ot that 
animal. It is covered as it were with a coal of mail, con- 
sisting of large sc.ilo laid o'cr each otlier ; the hind part 
is round, and very large in regard to the rest of the body ; 
its head is covered bv a single .scale, and at the extremity 
lias a kind^of three terebra), bv means of winch the insect 
sucks the bleed ot animats, bix legs, with thighs cxcccd- 
bigly thick, and of which the first pair arc remarkably long, 
enable it to perform all its inovenients. The great stec 
the thighs is destined, no doubt, to contain the powerful 
muscles which arc necessary to cany the insect to a lieight 
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or , equal to several hundred times its length. 

Being to make such large k‘a[)s, it was also ne- 

cessary that it should be strongly secured against falls to 
which it might be exposed, and nature has made ample 
provision against ^jjcidents of this kind, by supplying it 
with scaly armour. Figures of the Ilea and louse, bigldy 
magnified, w ill he found in tliewoiks of Hook and Joblor, 

§XIi. 

Mould in as. 

Nothing can he more curious than the ai>pcafancc chl- 
hibited by monldincs'!, wdion vnwved through the rnicro- 
M ope. When s<‘cn by the nak«*d eve, one is almost in- 
duced to consider i( as an irregular tissue of I'Kiments; hnfc 
the rnicrosco[)e show's that it is nnrl(»ng else than a small 
forest of plantsj w'neli derive tlieir nounshment from tiie 
moist suhslance, lending towaids decomposition, winch 
serves tliem as a base. 'File steins of the‘-e plants may h(‘ 
plainly distingnished ; and sometimes their huds, some 
sliut and others open. Baron de Munchausen has even 
ilone moie: w lien earol’nlly examnii-ig thv'se small plants, 
lie obs<*t ved that liiey had a great .snoilai if y to !niidiruoins. 
They are nothing, iherelore, but nne-: oscopie mnshroorns, 
the iops of winch, w.hen they come to m.itiirjtv, omit an 
c\‘'‘ edingly line kind of dust, wdneh is their seed. It is 
well known imisliroonis spring up tin' coiif'^e oi one 
night; li'it tuosv* ol '.'{(ch w'c here M'- ik, hidng more 
rapid, almost in the inveise ratio of theii sixe, grow up m 
a lew hours, lienee the cxtraoidinavy progiC'-s which 
inoukliness makes in a very short tune. 

Another very eu lion > observation of fiic s;>ane ki>ul, inaile 
by jM. AiiUi!i‘Id ol Giessen, is as ioiiows: ll.i\mg seen 
lOme stofuij. covered wolh a sort of dust, lie had the cn- 
iiosiiy to examine it with a nucroseojic, and ftamd to Ins 
great astonisi.ieent, that it consisted (;f small micioseopic 
jimshrooms, raised on very short [>edie!e>, tlie heads of 
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wbiclj, round in the middle, were turned up at tbie^e^lgef : 
they were striated also from the centre to the ei^eREnfer« 
ence, as certain kinds of mushrooms are. He remarked 
likewise, that they contained, above their upper covering, 
a multitude of small grains, shaped like cherries, some- 
what llattened; whicli in all probability were the seeds 
In the last place, he observed, in this forest of mushrooms, 
scveial small red iiwects, which no doubt fed upon them. 
See Act, Lcips. for the year 1739. 

§ xiir. 

Dust of the Lijcoperdon, 

The lycoperdon, or piiir-hall, is a plant of the fungus 
kind, which grows in the form of a tiihercle, coveicd with 
small grains like shagreen. If pressed uilli the foot, it 
bursts, and emits an exceedingly fine kind of dust, which 
flics oir under ihc appearance of smoke ; but commonly a 
pretty large quaniilv rcinau)«» in the half ojiencd cavity of 
the plant. If some of this dust be placed on the object- 
plutc of the niicri'scope, it appears to consist of peifectly 
round globules, of an orange colour, the diameter of which 
is only about the 70tli part of a hair, so that each grain 
of tins <liist IS but the 12.'jOOOth part of a globule equal in 
diameter to the breadth of a hair. Some lyc(»pcrdons 
contain broxMicr sjilierule'', attached to a small pedicle. 
Tins dust no doubt is the seed ul this anomalous plant. 

6 xr\^ 

Of the Farim of Flower^. 

It is not long since the utility of this farina in the vegeta- 
hle ccon(|iny was known. Before tins discovery, it was 
thought to lie, nothing else than the excrement of the 
juices of th" flower j but it shown hy the microscope 
that tins dust is regularly and uniformly organiiicd in each 
kind of plant. In the mallow, for example^ each grain is 
an opake ball, entirely covered with points. The farina 
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of tbo and of most of the lily kind of flowers, has a 

resemblance to the seeds of cacnml)ers and melons. That 
of the p 6 ppy resembles a grain ol ImiIc'V, with a longi- 
tudinal groove 111 Jt. 

I>iit w'c are taught by observation still more; for il is 
found that this dust or farina is on!}’ a ca])sule, winch con- 
tains anotlier far more mmiite ; and it is the latter which 
is the real fcciiiuhiling dust of plains. 

§XV. 

Of the Jppavrnt holes m the Lean's o/' some Plants, 

There arc certain plants the leaves of wliieli appear to 
he pierced w'ilh a iniillitude oj small holes. Of this kind, 
ill paiticnlar, is that called by hot-uii->ts hj/pcricum^ ynd 
by t!ic vulgar Si. John’s woit. lint iT a liMginent of one 
of these le<i\'es ho va wid through a nncrosi ope, tlie sup- 
posed holes are founii lo he side contained in tiie 
thickness of the leal, and covere 1 w i:h an exoei'dingly thin 
nienihranoi m fact, they are tlie leceptai Ics wl.ich contain 
llie essential anJ aroniatu' oil cuhai that plant. 

§ \VI. 

Of the Dozen of P/ue.s, 

The speetaeh: e\hihilc{t by those plants which luve 
down, siK'h .1-- hoi.'ge, eeitles, &,c, is c 'etahiigiy cuiion^ 
When \ (t v,i>(] t.'doiigi'i (he niicroj,cope, «lu y appeal to be 
so covereil wiili ‘.piKes as to excjlc In rot, Tho‘ e *^ 1 ' 
borage .iia* foi the most part bent so as to I'orni an < lliow; 
and, tlioijgli leally very close, they a[)pear by the micro- 
scope to ifc at a cimsiderablc distance' from eajjh other. 
Pcirvms wdio are- not previously told wnat siihstaiue they 
are looking a»-, wnl! almost he induced to heliCA^ that tliey 
see the skin ol a porcupine. 


X 



FLINT AND STEEL. 


r,oe 


§ XVII. 

Of the Spark struck from a piece of Steel hy means of a 

Flint. 

If sparks struck from a piece of steel by a flint be made 
to fall on a leaf of paper, they \\ill be found, for tlie most 
part, to be globules, formed of Mu.ill particles of hteel, 
detached by the shock, and fused by the friction Dr. 
Hook observed some which were jierflictly smooth, aiul 
n*fieeted with vivacity the image of a ii.Mghbouring window. 
When ill this state, they are sn‘^cepuble ol bcMng attracted 
by the magnet ; but very often they aie reduced by the 
fusion to a kind of scoria, and in that case the magnet ha^' 
no power ovei them. The cause of thw we shall explain 
hereafter. Tins fusion wdll ixeite no surjirise when it is 
known that the bodies most diflicnlt to be liquefied need 
only, for that purjiose, to be reduced to very iiiiuiitc 
particles, 

♦ XVIII. 

Of the 4speritii's of co'tain bodies, which appear to be er- 
Cicdiiipii/ Shill p and hipJdij Polt.shcd. 

If a rKi*<lle, appaieiilly very sjtarp, be viewed through 
the microscope, it will si^ein to have a ver\ hhiiit, irregular 
point, innch rcscnihiing that o*‘ a pi'g hroken at the cud. 

Tlie case i.s the same with the eilge of the best set razor. 
\\'hen viewed through ih.* micri^scope, it will .ipiaMr like 
the l>ack of a penknilc, and at ccilaui distances cxlnhiL in- 
eletitanoMs Ida the h’ctii ci a sawg hut nu gnlai. 

It .1 piece of the higiic->v polished •:! .ss be, expO'ed to 
tile mici Ose ope, } oo w ill be nme h astonished at it » appear- 
ance*. It wdl l)e seen hn r<,>vv'etl, and filieii wutli asperities^ 
which reflei 1 the light in an iriegulai manner, making it 
assume dilieicnt colours. The case is tli"" same with the 
best pohssicd steel. 

Art, in this icspect, is far inferior to nature; for if 
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works which have been made and poli-^lied, as wc may s,iy, 
by the latter, are exposed to the microscope, instead of 
losiniT their polish, thev appear avIiIi greater lustre. When 
the eyes ol a fly, if illuminated by means of a lamp or 
taper, are viewed through tins insinirncnt, each of ihem 
exhibits an nuage of the taper with a preeisioii and vieaeily 
which nothing can e(]ual. 

§ XIX 

Of Sand Ftrn tlnoufi/i (he Micivscopt. 

♦ 

it is well Knnwn that flieiii are some kiinU of sand 
calcareous, and oflun s \ iti iliable, 'I lie loimer, seen 
.‘hrongli tin; ni-k h*"! itscmhte tti .i iptai me.isure large 
ifK'gtdat ol jock. 'I’lie most em loiis spectacle* 

howc'vei c'xbibi(c-<l l»\ t ' k* v it rt'ous k»>id . lieu it c oijs’sLs 
ol rolled s Old, II .j)j!i .IS like so m.iii\ i oiigli diammicis, 
and Ill' tiiiK s Idw* p' Ii Jied out s. (>Me kind of sand, w ben 
''Cell till iMigli ( I c mu I C'X «j|K , a pjii .ii'' lobv an ,i'.-M‘iii!>lagc 
ol dtamoii.U, iiiUic- aim c ii.uald-' ; aiiolliei* ]>iesents the 
s’mbixo', oi slicli'. c vvcediia'J* ‘■ni.i-'i’ 

W 

Of (h* (>! Cf > i‘uif 

Oi.lhn’!. iiaO (lit cii.io.ii^ i > * Aa.nmc* ailn a niicio- 
,i 1 ■ H’ ' ' ■ u M 1 • (,t c •: .1 • '>.d, n hn !• I.< ioiiin! l <> In- tilled 
\\,t' jKii- .''i.iiih a', i.mgi aiu' lliiutigli Us 

wi" i !. ■ V . il ajM'-eiUs I'll! ' il- i I.O ( li.M c O.ll 

ui.o ' K 11 cloc> not intiodiic iiscd. 'i in-, oh- 

-.ei \ c ' , "I 1 de i."! a I'.M ( ol a‘i i"c !:, c 'Wuitc'i * 'id oi ikc-c 
pc.., In'C ’.Uit'iU I'viiiow s, that m.i , i.'Ct ol c'haKO.il, 
.'in inch d;.i.ii'‘t' r. the le ate . l>oi T'-iH'wd. 

On lias '.'iD-eet v.e iaixe hec'ii egnealilv Ui .nii 

plan,- to ii»l\ l‘»ic*l, bill, i.< ,’iii|)l\ 111!-, dc'- 

licieeiC\,'\s o.ii! Ih’i e j)ni!U ont t be j)ruK'i(Mi u oi ks w lac Ii 
contain iiiici t-giajiiuc olisei a.tioiis, and thjj aui.liors who 
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liiivc partlcnlavly applied to tliis kind of study. Tbc first 
wc shall nioniion is Father Bonnani, a Jesuit, author of a 
book cnliiletl Ricreazionc ddVochio e ddla viente, part ot 
which is entirely devoted to this Mihjeet. The celebrated 
Lewenhoek spent almost the whole of his life in the same 
occupation, and pubhsTicd the observations ho made in his 
Arcana Natural A gieat manv observations of this kind 
may be found scattcied here and there throughout all the 
Journ.ilsand Memoirs of learned Societies. But few have 
made so nvan^’ researches on this snhjiTt as i\I. Joblot, 
author of a (piarto volume, entitled Ih’scriptmi ef nsa^rs 
dc plusicurs vouvcuilt Microscopes, ^t, aver dc iwaicaax 
observations snr un multitude innombrable d'lnsrctes, iVr, 
qui naissent dans les lu/uvurs, &.e : l\ii is ni (h 1 !e inliiseil 
in water a eicM niiinlx'r o{ ddVeient biibslanee*;, and (aii'-i d 
the small .iniinaU produced in these infusions to he tn 
graved; to the greater part of them he has even [M\en 
names, derived liom tiu ir reseml>ltiii( c* to knon n bfdies, 
or from otiicr circimist.inces, J^lt ue mu^t ndei the 
reader to tlic woik iiiell, whicli i epnhlislied in n't, 
considerabi\ enl.ii ged, niaU-r tins tit le : ()()\ervattun\ d' //n- 
ioire Satttfd^(, fah'es avcc le Micioseojr sue un prund 
7 w>ubre d' / ns< ( tL>, ef \urles Annua/i ufe.s i/ut sc trounnt dans 
/' 0 huiunis fii'i panes ef non pxjiareis, llo, with a 
gie. t iminia’i el plates, Ne.-dh.iin, in the visir I'j'iO, 
pii idled Ills \v<ij ]., Cvdied New MieiO"! opir.il ohservdtion 
liidl'Mi’s (»h yvi \aii,)iis i> 1 ‘'I enn an nioleeiil.e m.e, he se( n 
in Ills w'oik ').! Wiliiial 11 .io»\. \\ e h,i\ ' .ilso JJaKei’'. 

work ei.t it ; '!* 1 !u; Ma r«’si .pe ma'le e.i , and K-nplo\ - 
inent toi th ■ Meieicjo. 'Fne Ina pai t eonl.ilns a do- 
st niilion* 5 t! ■ ’/pa> a* ’ ihv nu'tln!.l using diilei- 
ent kinds . nm . ■ > .in.t the sei' mil a lerv loni; 

detail of iii.t I'o-v. opical ol’-f'rvat'eiis nt..,ii on vaiions na- 
tuial ohjv'cl^ riijs c gk was alleiided with ;>/- e.xl s..:'^ esS, 
and IS e\i . etiii. X inst'iietue. 'I’lir; abii' x'sp.dlaiizam 
caused his mn,i ost epica.l ohservations, in winch he seviral 
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times contradicts Needham, to be printed in halian ; a 
Fivnch translation, entitled JSiOuveUcs i)fJS^’r^allons Alwro^ 
scppiqiicSf was published in octaro in Pans, in w'ltli 

notes by tbe above pliilosoplu r. 11’ to tliese be added 
various Memoirs, by Foiitan.i, RoOVedi, Sindlan/ani, 
published in t\\i^ Journal dr Phtfsiqur. ve. shall have emi- 
iner.ited all the \viitiiiL’'s, oi at lea^'t the piincipal ono'', 
which have hitherto appeared on tins subject. 
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AND 

PHILOSOPHICAL 


RECREATIONS. 


PART FIFTH. 

Containing every thing most curious in regard to Acoustics 
and Music. 

The ancients seem to have considered sounds under no 
other point of view than that of music ; that is to say, as 
affecting the ear in an agreeable manner. It is even very 
doubtful wliether they were acquainted with any thing 
more than melody, and whether they had any art similar 
to that vhich we call composition. Tlic moderns, how-t* 
ever, by studying the philosophy of sounds, have made 
many discoveries in this department, so much neglected 
by the ancients; and hence has arisen a new science, 
distinguidieil by the name of acoustics. Acoustics have 
for their object the nature of sounds, considered in gene- 
ral, both in a mathematical and a philosophical view. This 
science therefore comprehends music, whicl! considers the 
ratios of soniHl'i, so far as they pre agreeable to the ear, 
cither by their succession, 'which constitutes melody, or 
by their simultaneity, which forms harmony. We shall 
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here give an account of every thing most curious ami in 
terchlin^ in regard to this science. 


ARTICLE I, 

Dtfuution of sound , hnxv diffused and transmuted tn our 
orfiiins oj hearini^ ; c rperimeiits on this .subject , dijfoent 
'Winjs of prodiu in^ sound. 

SduiilI js iiolliiMg else hut llic vibration of the particles 
of t!)e air, occasK)ned eitlierb}' sonu‘ ‘'lulclen agitation of a 
ceilain mass ol’ the atuio^-pliere violently comjiressed or 
expanded ; or bv the cominurncalion of tlic vibration of 
the miiinri* paits of a li.ird and clastic body. 

'rbese ar(‘ ilie two lu'st Kfionii waysol producing sound. 
'Idle exploaon of a ]dstol, o» any otliei find of lire arms, 
piodnce^a report or sound, bt cause* the air or el.istic fluid 
Continued in the gimj><iwder, being suddmiU ddated, com- 
presses tiu* exleinal air with great vioienci*: liie latter, in 
conserjueiue ol its elasticity, re-aeis on ihe suiioundmg 
ytmo'jiiieie, and profluees in its moieimhe .in o 'dilatory 
motion, nlm 'i ( eeasions the sound, .nid Mliiili eMi'iids to 
a greater er 1«* s di itauei* according to tlie iiilen^il) id the 
cause that <;a\ e i isc. to il. 

']'() form .1 j)ro|,(*i idea ol ils,’. plienomcnoii, let us con- 
ecive .1 St 1 ic.s of sprin;,s^ all mainiaiiiiie e,a li ollie- ineijUi- 
libi lum, aiivl that the hist is suddenlv cuuipics-,i’d in i\io- 
lent niamiei by some ’.lioef, or otl-ei e.iiise. IJv making 
;in e'loit to lei’i.xer its lot'iiei •'.■'.nation, i! williompir , 
th< mie next t o it , t he ha o d! i oiuje-’e-^s the thud , ai,-i 
till, same thing uili lake pj.'i t to ih>' la"!, oi at ieasi to ,i 
very g'iCaL diaaiic' , lor the st lond Mill be somei*. hat less 
eompies*-ul th.ai the Most, v’ • t'mii a b'tle hsotlian the 
second, a.i‘! > on • so tii.J, at a eeii.oii d. stance the * om- 

piession \>dl*'.)c almost iiisensibk , and at length it v to- 
tall\ cease. Ihir each ol these springs, in leeoveiii g it- 
sell, will pas,.ihtt!i bevond the point of cipidihi imn, and 
tins will occasion tin oiigliout the whole se* ics {>nt iii mo~ 
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tion, a vibration, which will continue for a lonircr or 
.shorter time, ami at length ceabe. lienee it li:ip[M'ns that 
no soiiiicl IS instantaneous, but alwa\ s i •ontniues nnae oi 
less, according to circumstances. 

TIic otlier inclliod of producing sound, i^ to excite, in 
an elastic liody, vil)rations snilicMentlv rapid to ^<e(M^U)n, 
in llic surKmruiiPg jiarlh ol tlie air, .i similar nun loij. 
Thus, an extended string, wIkmi strnelv, f-mit-^ .i ‘«<aMuI, ,ind 
Us osedlatioiis, that is to say its motion backwaid ami tor- 
ward, ma\ be disiiiictlv ''eiMi. 'riic ^*la^lic pai [s of the air, 
.srrnch hy tlx* string during the lime it is vilii.itmg, are 
tlu-n!sei\ e‘« ;ml inti^ a slate of \ ibijfion, .iiid coimnuim .iLt' 
this innlion t(» the neighhonring ones. Sm*h is th.‘ me- 
chanism \)\ which a hell produces its sound ; wlienstiii' k, 
its vihraM'ms .ii\’ 'CiMble to the h<uid wlm h tom hc^. it. 

Siumid ;iu‘M I. ''cduiil'aiMl, the follow mg expci laxsits 
will exhib I i’<e hiiIm '<i them iii the clearest point ol \ i-,\. 

f'\ im:ihm i.N r i. 

tl.df I'll 'I ve^'w!, such a-, a drir.l-,-,; v. ub \v.'*er: 

:n'i mice a I.’ r, imv-t.-n Vo- r ' ''-e, n Ini.'c. .nid 

ti;- M nen d tli.* r'-b-c. \)\ liu-e a Mai'.'i win i;e 

I'll'-' and -U {In • -nno imie m i w.ii sci- tin* walvi 

i.’eif Idv’, .'iid cndii'nlioe ^ s-j - »..• «!no\’' up small 

drop-. ’'i ..If 'i'll .lie- vihs.nion ki \ ’ i part ieie-> ^oi' the 
w iN'i < a-i iJiodrx . m il snef* .t molifin 

1.^ ei i!1mi:n r . 1 . 

It’a h'dl lx- I's! vo'led !;i tlx jecei\'ei (>l .in air pump, so 
as iifji l!j ’.•'■b .0 j .0 1 ol f hr ni.u lime ; il r 'M ji- tonnd, 
oil the i ' il ijriii.u*. tnsimnd,tbat i du'.aj i-ev.. coated 
and been x r n 1 r, I hr >onnd grows i'.(‘-e' ami w.'.d.er, 
and ihai d cchm s I'liineh' vvium a-> coniplete* ii iMcmnni a.s 
pos^d)! ; In- . I eiucted. 1 : I'le air be giadnal'y re-ad- 
i.MiUed; liicsocnd will be iwivtd, as \vc nui} say, and will 
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increase in proportion as the air contained in the machine 
approiicln^s towards the same state os that of tlie atrno- 

S])IkMC*. 

from tlw'so two experiments it results, tlut sound con- 
sKUaeil in the sonorous bodies, is nothing; else than rapid 
\jhr..!ions of then iniinUC parts; that an i-* the vehicle of 
it; ai'd tlut n IS tr,inMniiLcd so inueli the better hen the 
a'r l)\ Us den .11 \ is itself Misceptihli' of a similar motion. 

In leoard to I he inaiiiUT ni which soniul alleets the mind, 
wemu'l 111 si ('hsciM to-.i ..f liie 'nlvuioi eiiti.meeofthe 
e.OjWim !i i out. oils ilie diilerent paitsol (heorg'.m of hear- 
ing, liiere is .i memhiane i->ten'h d like th.it oi a drum, »md 
\\ \ i( h <jn lit. i a( count is called the Ii is very 

pis i .;‘»le iluit tlie viln.Uions of tlu* ait“, piofliua\i hv the 
somu’ous hodv, esene vihialioiis m this memhi.nu’; that 
thise puuaics' similvU »)n» s inihe an , w-tli winch llu' m- 
tevn.il i^O'iv o| tiU cai is tilled ; ,1.1(1 till! tin .sound is m- 
ci i-ed i.v the pi i ..iiar < o.' sti ui tnai ol tlie pai > an I the 
cu'enuu oh(> I'Mis inaii oi tlie seimencnlai i . n.ds ,i!id ol the 
IkijX, heiif e ! In . e I s ()(. ( .e-.oiied in ihi nen st!i.it(ovir 
the luh\, a n.o oi> which is tMiisimit<‘d lo ihe l;i im, and 
by w hie.'i tin iniiui u eeivt s me p( n oi.aio ,oii!i(I. liere 
iiuw(‘\».r wi; nnisi slop, ha it is not possihi i j eit nu 
how the motion of tin' inM\es < .m ,ille< i i!ie mind it k 
sulHeien! '"i .is to knou l)\ nein e f h,it ; h.‘ ive..ne 
as it were the medi.ilois '.i iwi i n on.* spirn ii d pin i, .! d tiie 
cxtei iiid and si risihu ohj. • ^ 

Sound s < ease , w h i rhe \ dii ..i ions (d' tlie '■'on.n on- 

l)Ot)> (ea^e, oi !>.■{ onii' tcu? , . ak. d' lis is jjio\ed also h) 
e\[)ei niK in , I'oi w in n 'lu' vihralioiis i,\ .i s-aioious aie 

damped hy ai.v soji h';d\, h«; sound se-'iii, .suddenly to 

oeasis In o piano-ioite tlieri'loie, I he 'piills ari* Im ne lied 
■witli hits ol v*'.)ih, tli.i* hv tv>ueierMe tin lungs when tin y 
fall down, they ma\ d.un[< then \ ibiations. On tin* itiier 
hand, when the soriuious body hy its iiatuv*' is capable o! 
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VELOCITY OF SOUN D. 

continuing its vibrations for a considcral)lo timo, .is is the 
case with a large bell, the sound may be heard lor a long 
time after. 

ARTlCtE ir. 

On ihc vcloditf of sound ; experimenit lor dcterviining it ; 
intUiod of incasnring •distancii, l\i/ it. 

Lit»;ht 1^ l!\in->ujiUr-i Iroin place to inotlier vMth iii- 
c'fdil>ki vcioc.tv ; hiii tins is not tlic f'.isf* with mmiiuI ; the 
vchjcity ot sdiim! m ry moderate, and may be nuasnred 
in the. ioliou mii maiiiic-i . 

Let a e.uiMun be placed at tht* (Inrunci* ol' several thou- 
sand yaids, and let an observer witli a pendnlmn tlsal \i- 
brate.s s*T(i.rl-, Ol i\.t!ier h.iit sciond-,, put the. pmulidiunm 
moLion as '■fjcm ii-N lu' the tl ism, and thim eoiuit Hie 

ninni)« r Ilf i one's Ol hill m t onds w int li hetweiM 

th*it [). noil a'cl rl. I'v uuMit v luMi le' be.o* tlie explosion. 
It is evhh lit H«at, n i"; moment wli m the llisii ,s seen he 
eoic-'.di ! I. d a'' li' ‘ULpi.d ol lb ■ (.x|>1{oiom, iiotlnii^i wdl be. 
rn c csmII y, to ob'.aMi (be um b. » u( ^ards •'.mrIi the sound 
lia« passed over in a •.< bt,f !-> «’> . *e the nmnber ol 

da. \ar<]-' lutwei, II the j/iac i 1 ou'.'-i i .t i .oul i lie cannon, 
b) tbi mnnia r cl •'Ci on?' liau s, « . '•.wl.ali j*iucl)cer* 

t.oui led 

Now till' nioMiei'. uJuii Hie .! isb ’ p'TceiMd, v ii.itcver 
be tb ■ di '.i.M bv < oii>Mi H vi .1 Hn n al moment ot 

llse ('xp'o ion, i 'I 'j,i*a' is tla- velo s o' lie, lit, that it 
emplo\ s ' V aici iy a . • d lotnaiist t.- .o'lif ii aa nes ' . 

* Tlir o i'K ,iy ii! il’i [M.tii’t'' Mill 1 l\ ^ . Iiuiii * niv I'ln.'i'Min;, .is it 
jiijf.Miitb tij i>(ii‘\ 1 1 'i.kIii il 1 'i'll ..I, a p. It 111 I .. . .ii.a .*! 1 1)111 , 11 III it 1 
pc.ii b .1 u" '.I 1. I.'ii I ‘Ml .Ml I’l.ri I . 111 I ‘'.iniii II -Il ill. I( li'i. 

bi ('ll fouti'l i« * f vDi-i iiiv iiC , t'l II 11 i. n tl I ir'M i-v i.. tl\ lufvi’pn 

Jupitoi <11.1 .1 11! . (ill. all 'l.ti ■. .Ill ^oiiiil|Ptil S4 Dt'iiuU’. -cniiPi t!i ,r. 

they fiiiilii t>i .1 I ..i.l.tij III lilt t.ii"! •>, hill wl. 1.11 tl' 1 I-. ii.Milv Ml :l‘c 

oppo'-itf jjixii' !■) I. 1)1 III), llic"-!' < t lj.i|»;n 'I r.l) ‘Ml Si iiiKiiif/'^ hill 1 lluii 

Ihf l!il'l'“» jiK .j ’ . I .11 Ip.kc* it I- » ' h.a tin.' motu‘11 <‘1 l’!;lii is not 

uiitai'iani i)t'>., u.‘i it laki s ii|i .ilmii' nV inmutis m Iimip mi |ei^-iiiij 01 rs 
A cqiinl to i!m Oiamcl'ji ot the oihit, wuioli i.*. atli.’ii'L iPO mil- 
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By similar exper^ 

Academy of Scienoei 
of 1 172 Parisian feet in 
locity to be 1473 feet in 
hamel, in the History of tl 
Newton 968 ; and Dcrhapi, in whose measure Flamsteed 
and Halley concurred, 1142. Though it is difficult to dc'- 
termine among so many authorities, the last estimate, viz 
1142 per second, has been generally adopted in this 
country. 

It is to be observed that, according to Derham’s experi- 
ments, the temperature of the air, whether dry or moist, 
cold or hot, causes no variation in the velocity of sound. 
This philosopher had often an opportunity of seeing the 
flash and hearing the report of cannon fired at Blackheath, 
9 or 10 miles distant, from Upminster, the place of his re- 
sidence ; but whatever might be the state of the weather, 
he always counted the same number of half seconds, be- 
tween the moment of seeing the flash and that of hearing 
the report, unless any wind blew from cither of these 
places, in which case the number of the seconds varied 
from 111 to 112. It may be readily conceived, that if the 
wind impelled the fluid put into a state of vibration, to- 
wards the place of the observer, the vibrations would reach 
him sooner than if the fluid had been at rest, or had been 
impelled in a contrary direction. 

But notwithstanding wliat Derham has said, we can 
hardly be persuaded tliat^the velocity of sound is not af- 
fected by the temperature of the air j for when the air is 
lieated, and consequently more rarefied or elastic, the vi- 
brations must be more rapid : observations on this subject 
ought to be carefully repeated. 

An inaccessible distance then may be measured by<means 


iions^t iDiI«9 in length, or inove^ at the rats of neatly 2DOUOO miles per se- 
cond. Henoe therefore light lakes about 8^ minutes to passing from the sun 
to tue earth. 
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of sound. ^ pendulum that 

swings half done by suspending 

frdm a thread inch in diameter, in 

such a manner, thaPl9||^^^^Phe exactly 9 ^^ inches, or 
9|-, between the centre and the point of suspen- 

sion ; then the moment you perceive the flash of a cannon, 
or musket, let go the pendulum, and count how man}’' vi- 
brations Lt makes till the instant when you hear the report: 
if you then multiply this number by fi7l feet, you will 
have the distance of the place where the musket or cannon 
was fired. 

We here suppose the weather to be calm, or that the 
wind blows only in a transversal direction ; for if the wind 
blows towards the observer from the place where the can- 
non or gun is fired, and if it be violent, as many times 12 
feet, as there have been counted half seconds, must be added 
to the distance found : and in the contrary case, that is, if 
the wind blows from the observer, towards the quarter 
where the ex{)lobion is made, they must be subtracted. It 
is well known that a violent wind makes the air move at 
the rate of about feet per second, which is nearly the 
48th part of the velocity of sound. Jf Hie wind be mode-> 
rate, a 96tli may be added or subtr.ieted , and if it be weak, 
but sensible, a 192d: but this correction, especially in the 
latter case, seems to be supertluous ; for can we ever flat- 
ter ourselves that wc have not erred a 192d part in the 
measuring of time ? 

This method may be employed to determine the distance 
of ships at sea, or in a harbour, when they fire guns, pro- 
vided the flash can be seen, and the explosion heard. 
During a storm also, the distance of a thunder-cloud may 
be determined in the same manner. But as a pendulum 
is not always to be obtained, its place may be^siipplied by 
observing the beats of the pulse, for when in its usual state, 
each interval between the pulsations is almost equal to a 
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second; but 
to onl] 

How sounds 

cmfusion. 

TJiis is a vfery singular phenomenon in the propagation 
of sounds ; for if several persons speak at the same time, 
or play on instruments, their dilFerent sounds are heard 
simultaneously, or all together, cither by one person, or 
by several persons, without being confounded in passing 
through the same place in different directions, or without 
damping each other. Let us endeavour to account for 
this phenomenon. 

The cause no doubt is to be found in the property of 
clastic bodies. For let us conceive a series of globules 
equally elastic, and all contiguou*;, and let us suppose that 
a globule is impelled with any velocity whatever against 
the first of the senes : it is well known that in a very short 
time the motion will he transmuted to the other extremity, 
so that the last globule will have the same motion com- 
^nunicated to it as if it liad been itself immediately impel- 
led. Now if two globules with unequal velocities impel 
at the same time the two extremities of the series, the 
globule a, for example, the extremity a, and tlic globule 
h the extremity b (tig. 1 pi. 15), it is certain, from the 
well known properties of elastic bodies, that the globules 
a and />, after being a moiuent at rest, will be repelled, 
making ap exch.uige ol velorif^ , .is if they had been im- 
mediately impelhd against eacli otlier 

If uc suppose a seeond s**r.es lil gioi)ules, intersecting 
the former in a transva r'.al i>ircr(ii»ii, the motion of this 
second seru-s will he transiiu.ud bv mcaiij of the common 
globule, from one end to liie other of the- senes, in the 
same manner as if it had been alone. The case V ill be the 
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;s cross the first one, 
>rent points. The par- 
1^0" the beginning of each 
[(brother end, as if that scries 


same if two, th 
either in the 
ticular motion 
series, will be transofifiii^^ 
were alone. ^ 

This comparison may serve to'show iiow several sounds 
may be transmitted m all directions, by the help of the 
samfj inedinm ; but it must be allowed that tlieic are some 
small difTcrences. For j in the first place, we must not con- 
ceive the air, w hicli is the vehicle of sound, to be composed 
of elastic globules, disposed in such regular senes as those 
here supposed : each paiticie ol air is no doubt in contact 
with several others at the same time, and its motion is 
tiiiTcby coMimiiiiicated in eveiy diieetiun. lienee it haji- 
pens that the sound, m Inch would leacli to a viry great 
distance almost wiiitxni; dniitnuiion, li coimiuiine.itc;d as 
hero supposed, c‘\pc!1c')^e^ a (:on":tlcr''ble deciease, m 
pro])ortiou as it loeedes IVo.n the body which picul need it. 
Though the nioienieiit b\ wituii sound is ti.iu^iintted be 
more complex, iiRie is re.i^on t»)))eli('’' tlnitit is i educed, 
in tlie last instance’, to something siunlai to what has been 
here described. 

Tlic second dill’erciicc arises from rlic particles of air, by 
which the organ of liearing is irnined lately .dlbcted, iiyt 
having a iiiovenient of translation, like the ki'^t glolnile of 
the series, wdiich proceeds with a greate- or less velocity; 
in con.scqiieiice ofilie siioclv th.it «m[)eK tl-e (’ther e\treiiuty 
of the Sciies. IJiiL tlie movement in the an consists merely 
of an undulation of vibiation, which, in con-.e<|iicnce ol t!ie 
elasticity of its aeriaii pai tides, is transmitted to the ex- 
tremity ol the seriiis, such as it wnis rt c.-ived at^he other. 
It must be ob'.erved that the sonorous body communicates 
to the air, wdiich it touches, vibrations isodlronous witli 
chose wliich it experiences itself; <md that the same vi- 
brations are tiansmitted from the one end to the otlicr of 
the scrie.s, and always with the .same velocity : for w'e art; 

VOL. n. 
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taught by paribus, 

does not employ m one, to pass 
through a determinate’^sp^^^' "' 

AUTl&liE IV, 

Of Echoes ; how produced ; account of the most remarkabU 
echoes, and of some phemmena respecting them. 

Echoes are well known ; hut however common this phe- 
nomenon may be, it must be allowed that the manner in 
which it is produced is still involved in considerable ob- 
scurity, and that the explanation given of it does not suf- 
ficiently account for all the circumstances attending it. 

All philosopliers almost have ascribed the formation of 
echoes to a reflection of sound, similar to that experienced 
by light, when it falls on a polished body. But, as D’Alem- 
bert observes, this explanation is false ; for if it were not, 
a polished surface would be necessary to the production 
of an echo ; and it is well known that this is not the case. 
Echoes indeed are frequently heard opposite to old walls, 
which arc far from being polished ; near huge masses of 
rock, and in the neighbourhood of forests, and even of 
clouds. This reflection of sound therefore is not of the 
same nature as that of light. 

, It is evident, however, that the formation of an echo can 
be ascribed only to the repercussion of sound ; for echoes 
are never heard but when sound is intercepted, and made 
to rebound by one or more obstacles. The most probable 
manner in which this taki.s place is as follows. 

For the sake of illustration, we shall resume our com- 
parison of the acrian molcculse, to a series of elastic glo- 
bules. If a senes of elastic globules then be infinite, it 
may readily be conceivi*d, that the vibrations communi- 
cated to on‘e end, will be always propagated in tlie same 
direction, and continually recede; but it the cud of the 
series rest against any fixed point’, the last globule will re- 
act on the whole series, and communicate to it, in the 



Contrary as it woiiM have 

tommunicateoBmjl^lp ^Pi^^ ^ries, if it had not rested 
against a fixed indeed to be the case 

whether the obstacle he‘uij||!|p^e with the series or oblique 
to it, provided the last gtohuK' he kept back by the neigh- 
bouring ones, only with this ddferonce, that the retrograde 
motion will he stronger in the latter case, according as 
the obliquity is loss. If theaerian and sonorous mulcculo; 
then rest against any point at one end; and if the obstacle 
be at such a distance from the origin ot tlie motion, that 
the direct and repcrcussivc motion shall not make them- 
selves scnsilile at the same instant, the »'ar will distinguish 
tin* one from t!ie other, and there will be an echo. 

Hut we arc t.uight by opeiienoe, that the t!ar does not 
distingiijsli the sui cession of two sounds, unless there be 
between them the interval of at least one twelfth of a 
second: for during the most rapid movement of instru- 
mental music, each ineasine of which cannot be estimated 
at less than a second*, twelve notes are the utmost that 
can be comprehended in a measure, to render the suc- 
cession of the sounds distingiushiible , consequently the 
obstacle wliieli reflects the sound imi .1 be at such a di- 
stance, that the reverhcralcd sound sliall not succeed the 
direct sound till after one twcli'tli of a second; and as 
sound iTuives at t!ie rate of about IHU leet in a second, 
and consequently .ihout 95 feet in the : ..ellth of a second, 
it thence follows lliat, to jciider the reverberated souiul 
distinguishable from the direct sound, the ohslaelc must 
be at the distance at least of about 48 feet. 

There are single and compound echoes. In the former 
only one, repetiiion of the sound is Iseard; in the latter 
there are :J, 4, 5 , &,c, repctiuons. We are even told 
of echoes that can repeat the same word 40 tir 50 tunes. 


* If a pu*cp of innsio, coniiistiii(<: of 60' measures, were eiccuted in a 
niiiiiitc, this, 111 cMir opinion, would be a rapidity of which there i»re teir 
iniititiices 111 the :ur, 

V Ci 
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Single echoes are 
for the bound, being 
course in the same direcSo^ 
triple, or quadruple echo 


obstacle : 
continue its 
|(il%C^'|^^ning; but double, 
produced different 


ways. If we suppose, for example, several walls one be- 
hind the other, the remotest being the highest ; and if each 
be so disposed as to produce an echo; as many repetitions 
of the same sound as there arc obstacles will be heard. 

Another way in which these numerous repetitions may 
be produced, is as follows; Let us suppose two obstacles, 
A and B, (fig. 2 pi. 15), opposite to each other, and the 
productive cause of the sound to be placed between them, 
in the point s ; the sound propagated in the direction from 
s to A, after returning from a to s, will he driven back by 
the obstacle b, and again return to s ; having then traversed 
the space sa, it will experience a new repercussion, which 
will carry it to s after it has struck the obstacle b ; and this 
would be continued in iiilimtiim if the sound did not always 
become weaker. On the other hand, since the sound is 
propagated as easily from s to b as from s to a, it will at 
first be sent back also from b towards »; having then 
passed over the space sa, it will be repelled from a 
towards s; then again from b towards s, after having 
traversed the distance sii, and so on in succession, till the 
sound dies entirely away. 

The sound therefore produced in s will be heard after 
times, which may be expressed by 2s a; 2sb ; 2sb 4- 2sa; 
4SA + 2sb ; 4sb + 2sa , 4sa + 4sb ; 6sA 4sB ; 6sB 
+ 4sa ; 6sa -h 6 sb, &c ; winch will form a repetition of 
the sound after equal intervals, when sa is equal to sb, 
and even when sb is doubK, sa; but when sa is a third, 
for example, of sb, this remarkable circumstance wilitake 
place, that after the first repeiition, there will be a kind 
of double silence; thre/: repetitions will then follow, at 
equal intervals ; there will then be a silence double one of 
these intervals ; then three repetitions after intervals equal 
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to the former sound is quite extin- 
guished. distances sa, sB^will 

also give rise to m||^^3|^m)erities in the succession of 
these sounds, which W<^<^l^|^ought it our duty to notice, 
as being possible, though we do not know that they have 
been ever observed. 

There are some eclioes that repeat several words in 
succession; but this is not astonishing, and must always 
be the case when a person is at such a distance from the 
echo, that there is suiheient time to pronounce several 
words before the repetition of tlie first has reached the 


ear. 

Tliere are some echoes which have been much celebrated 
on account of their singuUiritv, or of the number of times 
that they repeat the s.ime word. Misson, in liis descrip- 
tion of Italy, speaks of an echo at the villa Simonetta, 
which repeated tlie same word 40 times. At Woodstock 
in Oxfordshire there is an echo which repeats the same 
sound 50 times*. 

The description of an echo still more singular near 
Roseneath, some miles distant from Olusgow, may be 
found in the Pliilosdpliical Tiausactioiu for the year 1698, 
If a person, placed at the proper distance, plays 8 or 10 
notes of an air with a trumpet, the echo faithfully repeats 
tliem, but a third lower; after a short silence another 
repetition is bean! in a tone still lower . and another short 
silence is followed by a third repetition, in a tone a third 
lower. 

^ similar plieiiomcnun is perceived in certain halls; 
where, if a person stands in a certain position, and pro- 
nounces a few words with a low voict , they are heard only 

another person standing in a determinate place. Mus- 
chenbroeck speaks of a hall of this kind in* the castle of 


* This ieoms fo ik. n ini'>takc. the ocho*at Woodstock, according to Dr. 
Plat, repeats in the day time very distinctly 17 syllables, and in the night 
time StO), Nat. Ihst. of Oxf. chap. 1, p. 7. 



Cleves; and most of ‘ feilt^^isited the Ob- 

servatory at Paris have e plienomenon 
in the hall on the first stdry.*^, ^ 

Philosophers unanimousl^i5lfe‘’th ascribing this phe- 
nomenon to the reflection of the sonorous rays ; which, 
.after diverging from the mouth of the speaker, arc re^ 
fleeted in such a manner as to unite in another point. But 
it may be readily conceived, say they, that as the sound by 
this union is concentrated in that point, a person whose 
c.ar is placed very near will hear it, though it cannot be 
heard by those who are at a distance. 

We do not know whether thq hall in the castle of Cleves, 
of which ]\Ius(’hcnbrocck speaks, is elliptical, and whether 
the two points where the speaker and the jicrson who listens 
ought to be placed are the two Foci ; but in rcgarii to the 
hall in the Observatory of I^lris, this explanation is entirely 
void of roniidution. For, 

1st. The echoing hall, or as it is called the Hall of 
Secrets, is not at all elliptical ; it is an octagon, the walls of 
wliicli at a certain height are arched with what are called 
in architecture cloisty'r arches; that is to say, liy portions 
of a cylinder which, in meeting, tont'rc-enlcring angles, 
that continue those foriued by the sides of the octagonal 
plan. 

*2d. The person who speaks does not stand at a moderate 
distance from the wall, as ought to he the case iii order to 
make the voice proceed from one ol tlie Foci of the sup- 
posed ellipsis: he applies Ins mouth to one of the re- 
entering angles, very near wall, and the person wljose 
car is nearly at the same distance from the wall, on the 
side diametrically opjiositc, ':ears the one who speaks on 
the other side, even when he docs so with a very low 
voice. “ 

It is therefore evident^that, in tins case, there is no re- 
flection of the voice according to the laws of catoptrics; 
but the re-entering angle continued along the arch, from 
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ond side of the forms a sort of canal^ 

irhich contains^Mtt ViMce. apd.mnsmits it to the other 
side. This phenffil^oi\ ^entirely siniilar to that of a 
very long tube, to the%|^,<W^hich if a person applies his 
mouth and speaks, even with a low voice, he will be heard 
by a person at the other end. 

The case is the same with the whispering gallery, or 
dome of St. Paul’s ciiurch, London; or even with the 
arched recesses on Westminster bridge ; the sound is not 
heard by a person in tlie intermediate spaces, but only at 
the opposite point of the dome, or of the opposite recess 
of the bridge. 

The Memoirs of the Academy of Sciences, for the year 
1692, speak of a very remarkable echo in the court of a 
gentleman’s scat called Ic Gcnetay, in the neighbourhood 
of Rouen. It is attended with this singular plienomenon, 
that a person wlio sings or speaks in a low tone, does not 
hear the repetition of the echo, but only his own voice j 
while those who listen hear only the repetition of the 
echo, but with surprising variations ; for the echo seems 
sometimes to ap[)roach and someiimes to recede, and at 
length ceases when the person who speaks removes to 
some distance, in a ecitaiii direction. Sometimes only one 
voice is heard, sometiinos several, and sometimes one is 
heard on the right, and another on the left. An explana» 
turn of all these plienoinena, deduced frinn tlie semicircular 
form of the court, may he seen in the above collection. 

ARTICLI'. V. 

Experiments respecting the vibrations (f musical strings^ 
x^'kidL form the basts of the th'nnj if music. 

If a sti mg of metal or catgut, such as is used for musical 
instruments, made fast at one of its extremities, be exr 
tended in a honzontal direction over a fixed bridge; and 
if a weight be suspended from the other extremity, so as 
to stretch it ; this string, when struck, will emit a sound 
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produced by reciprocal vibrat|j|^> which are sensible to 
tlie. sight. , 

If the part of the string made tq ^rRe be shortened, 
and reduced to one half of any person who has 

a musical ear will perceive, that the new sound is the 
octave of the former, that is to say twice as sharp.— If the 
vibrating part of the string be reduced to two thirds of its 
original length, the sound it emits will be the fifth of the 
first. — If the length be reduced to three fourths, it will 
give the fourth of the first. — If it be reduced to it will 
give the third major; if to the third minor. If reduced 
to I, it will give wliat is called the tone major; if to 
the tone minor ; and if to , the semi-tone, or that which 
in the gamut is between andj'f/, or si and sol. 

The same rcMilts will be obtained if a string be fastened 
at both ends, and 4, jt and ^ of it, be successively inter- 
cepted by means of a moveable bridge. 

As this subject will be bettor understood if the reader 
has a clear idea of the relation of tlie sounds in the diatonic 
progression, W'C shall here insert the following table. 
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Such is the ropult of a determinate degree of tension 
given to a string, wlien the length) of it been made to 
vary. Let us now suppose that the leh^Kof the string ife 
constantly the same, but tha$ its ifegrce of tension is 
varied. The following is what we arc taught by experi- 
ment on this subject. 

If a weight be suspended at one end of a string of a 
determinate length, made fast by the other, and if the 
tone it emits be fixed ; when another weight quadruple of 
the first has heen applied, the tone will be the octave of 
the former; if the wciglit be nine times as heavy, the tone 
will he the octave of tlic fifth; and if it be only a fourth 
part of the first, the tone will be tlie octave below. Nothing 
more is necessary to [>rove that the cfVect produced, by 
successively reducing a string to A, &,c, will be pro- 
duced also by suspciuling from it in succession weights in 
the ratio of 4, y’, ike, that is to say, the squares of the 

weights, or tlie degrees of tension, must be reciprocally 
as the squaies of tlie lengths proper for emitting the same 
tones. 

Pythagoras, we arc told, was led to tliis discovery by 
the following circumst iiice. Harmonious hi)unds proceed- 
ing from the hauiuu rs striking on an anvil in a smith’s shop 
happening one day to reach his car, while walking in the 
street, he entered the shop, and found, by weighing the 
hiimmers whicli had occasioned these sounds, that tlie one 
which gave tlie octave was exactly tlie half of that which 
produced the lowest tone; fl'at the one which produced 
the fifth, was two thirds of it, .lud that the one which pro- 
duced the third niajor, was four fifths. When he returned 
home, meditating on this phroomenon, he extended a 
string, and afr.w successively shortening it to one half, 
two thirds, anil miir fifths, perceived that it emitted sounds 
which were the octave, tiic fifth, and the third major, of 
the tone emitted by the whole string. He then suspended 
weights from it, and found that tliosc wliich gave the 
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octave, the fifth, and third major, ought to be i:e« 
spectiycly as 4*^ J, tS that whicli emitted the principal 
tone ; that is ia||)|onnvcrse ratio of the squares of i, 

Whatever may be the jdeg^ree of credit due to this anec« 
dote, which is appreciated as it deserves in the History of 
the Mathematics, such were tlic first facts that enabled 
mathematicians to subject the musical intervals to calcu- 
lation. The sum of what the moderns have added to them, 
is as follows : It can be demonstrated at present by the 
principles of mcchatiics : 

1st. That if a. string of a uniform diameter, extended 
by the same weights, be lengthened or shortened, the 
velocity of its vibrations, in iliO'.e two states, will be in the 
inverse ratio of the lengths. If this string then be reduced 
to one half of its length, its vibrations will have a double 
velocity, that is to say, it will make tuo vibrations for one 
which It made bclore; if it be reduced to two thirds, it 
will make three vibrations, for two whicli it made betorc. 
When a string therefore performs two vibrations, while 
another peiToniis one, the tones emitted by tliese strings 
will be octaves to caeh otlier ; when tine vibr.ites three 
times while another vibrate', twice, ihc one will be the 
fifth to the other, and so on. 

2d. Tlie velocity of the vibrations peri'ormed by 
string, of a determinate length, and distended by dilferent 
weiglits, is as the square roots of the Nlretching weights: 
.quadruple weights therefore will prod.iev' double velocity, 
and consequently double the number .d' vibrations in the 
same time; a noncuple weight will produce libralioiis of 
triple velocity, or a triple number in tlic same time. 

3d. II tivo strings, ddlering both in length and in weight, 
be stretched by ilificrent weights, llie, velocities of their 
vibrations wdll be as the squaic roots of the distending 
weights, divided by the lengths and tlie* weights of the 
strings: thus. If the string a, • stretched by a weight of 6 
pounds, weigh six grains, and be a foot in length; while 
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the string b, stretclied by a weight of 10 pounds, weighs 
five grains, and is half a foot “m^cngth; the velocity of 
the vibrai'ons of tlio forme r, will be .to of the-vibra^ 
tions of the- latter, us the sf(:tare root of 6 x 6 x 1 to that 
of 5 X 10 X if tliat is, as the square root of 36, which is 
6, to th.it of 25, or 5 : the first therefore will perform G 
vibrations while .he second perforins 5. 

From these discoveries it follows, that the acuteness or 
gravity of sounds, is merely the elfect of the greater or 
less frequency of the vibrations of the string which pro* 
duces them ; for since we know bv experience, on the one 
hand, that .i string when shortmied, if siihjeCtcd to the 
same degree of tension, emits a more elevated tone; and 
on the otlicr, both hv theory and experience, that its vi- 
brations are inoie Irecpjcnt tlio shorter it is, it is evident 
that It IS only the greater treipicney of the vibrations that 
can produce the eiJect of elevating the tone. 

It thence results also, that a double number of vibra- 
tions prod noea the octave of the tone produced by the 
single numlicr; that a triple number produces the octave 
of the fifth; a quadrup’c number, the double octave; a 
quintuple the third major, above tiie double octave, &c ; 
and if we descend to ratios lcs> simple, l hree vibrations for 
two will produce the concord of liltb; four for tbrcc, that 
of the fourth, &c. 

The ratios of tones therefore may he expressed, cither 
by the lengths of the equally stretclied strings which pro- 
duce them, or by tlie ratio of tlic number of the vibrations 
performed by these strings; tbuj, if the principal tone be 
denoted by 1, the oct.ivc above is cx[)ressed mathcniatically 
by l, or by 2 , the lifib l)v -}■ or ’ ; the tliiid major by ^ or 

&.C. In tlte tiist case, the respective lengths of the 
strings arc dent'tcd ; in the second the respective numbers 
of vibrations, ih calculation, the results will be the ^mc, 
whichever method of denomination be adopted. 
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PROBLEM. Hi ' 

To determine th^memher of the vibrations made by d stringy 
^ d given length and size, and stretched by a given weight; 

or, in other words, the number of the vibrations which 
form any tone assigned. 

Hitherto we have considered only the ratios of the 
number of the vibrations, pert'orined by strings which give 
the did'erent concords ; but a tnoto curious, and far more 
difficult problem, is, to tiiid the real number of the vibra- 
tions performed by u string which gives a certain deter- 
minate tone; for it may be readily conceived that their 
velocity will not admit of tlieir being counted. Geometry 
however, with tlic help of mechanics, has found means to 
resolve this ([ucstion, and the rule is as follows: 

Divide the streteliing weiglit by that of the string ; 
hiultiply the (jiiotient by the length of the pcmluhim that 
vibrates seconds, whicliat London is inches, or 40‘y^ 
lines, and divide the product by the length of the string 
from the fixed point to the hiidgi*; extract the square 
root of this new cpiotient, and iriulti|)!y it hy the ratio of 
the circuinfercnec of the dliele to tl’c dr.imerer, viz, 3J. 
nearly, or the fraction in decimals .‘M-llG nearly; 
the product will be the nuniher of the vibiaiions performed 
by the string m llie course of a second. 

Let a string of a foot and a half in ngth, for example, 
and weighing 8 grain‘d, be stretched by a weight of 4 
pounds Troy weight, or 23040 grains; the quotient of 
23040 divided hy 8 is 2880; and as the hnigth of the 
pendulum Inch swings seeoiuls is 469 •- lines, the product 
of 2880 bv ibis number will be U>32i60; if tins product 
be divided Ijy 216, tiie lines in <i loot and a half, we shall 
have 6260, the square root of which will b« 79’ 1201 : tliis 
number mulu'*hcd b} or 3-][4lG. gives 248*56'3, which 
is the numbei of the vilnations made by the above string 
in the course of a second. 
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A>ery ^ingenious method, invented by M. S'auveiir, for 
finding the number of these vibrations, i^y be seen in the 
Memoirs of the Academy of Sciences' for 1700. Having 
remarked when two organ pipes, very low, and having 
tones very near to each other, \vei‘e sounded at the same 
time, that a series of pulsations or beats was heard in the 
sounds ; by reflecting on the cause of this phenomenon he 
found, that these beats arose from tlie periodical meeting of 
tlie coincident vibrations of the two pipes. Ifence he con- 
cluded, that if the number of these pulsations, winch took 
plalfib in a second, could be ascertained by a stop watch, 
and if it were possible also to determine, by the nature of 
the consonance of the two pipes, the ratio of the vibnl- 
tions which they made in tlio same time, he should be able 
to ascertain the real number of the vibrations made by 
each. 

We should here suppose, for example, that two organ 
pipes arc exactly tuned, the one to vii flat, and the other 
to mi; as it is well known that the interval between these 
two tones IS a semi-tone minor, cm pressed by the r^o of 
24 to 25, the higher pipe will perform 25 vibrations while 
the lower performs only 24; that at each 25th vibration 
of the former oi 24ili of the latter, tlierc will bo a pulsa- 
tion ; if 6 pulsations tlicreforc are observed in tlie course 
of 1 second, we ought to conclude that 24 vibrations of 
the one and 25 of the other are performed in the 10th part 
of a second : and conM'(|ueir.ly that the one jicrforms 2 10 
vibrations, and the other 250, in the couise of a second. 

M. Sauvenr made experiments according to this idea, 
and found that, an open organ-pipe, 5 fc(3t in length, 
makes 100 vibrations pe'r second; consequently one of 4 
feet, vvliicb giws tlie triple octayc below, and the lowest 
sound perceptililc to the car, would make only 12f : on 
the other hami, a pipe qf one inch less being the 
shortest the sound of which can be distinguished, will give 
in a second 6400 vibrations. The limits therefore of the 
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slowest and quickest vibrations, appreciable .by. .«ar, 
are according %,M. Sauveur 12t and 6400. 

We shall not enlarge farther on these details, but pro- 
ceed to a very curious phenomenon respecting strings in a 
state of vibration. — Make fast a string at both its ex- 
tremities, and by means of a bridge divide it into aliquot 
parts, for example 3 on the one side, and 1 on the other ; 
and put the larger part, that is to say the in a slate of 
vibration ; 'if the bridge absolutely intercepts all com- 
munication from the one part to the other, fhese^- of the 
string, as is i\ell known, will give tlic tone of the fouith of 
the whole string*, if be intercepted, the tone will be the 
third major. 

But if the bridge only prevents the whole of the string 
from vibrating, witliout intercepting the coninuinicatiori 
of motion from tlie one part to the oilier, the greater part 
will then emit only the same ‘•ouiid as the less ; and the | 
of the stung, winch in llic former case gave the fourth of 
the whole stiiiig, w'ill give only the double octave, w'hich 
is the tone proper to the fourth of the stung. The case 
is thSsarae if this fouitli be struck : its vibrations, by being 
communicated to the other tiiree fourtlis, will make them 
sound, but in such a manner as to give only this double 
octave. 

The following reason, wdiich may be rendered plain by 
an experiment, is assigned for this iihcnonienon : when 
the bridge absolutely intercepts all comnumieatioii between 
the two parts of the siring, the whole ol the l.irgest part 
vibrates together, and if it be | of the whole string, it 
makes, agreeably to the general law', 4 vihralioiis in the 
time that the wdiolc string would mahe 3 : itb sound there- 
fore is the fourth of the whole string. 

But ill the second case, the larger par): of the string 
divides itself into as many portions as the number of times 
it contains the less, which in the present example is 3, and 
each of these portions, as well as the fourth, performs its 
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particuUr vibrations : at the points of division, as B, c, rt, 
(fig. 3 pi. 15,) there are established fixed+points, between 
which the portions of the string ab, bc, cd, de, each 
vibrate separately^ forming alternate bendings in a Con- 
trary direction, a> if these parts were alone and invariably 
fixed at their extremities.* 

This explanation is founded oiva fact which M. Sauveur 
rendered sensible to the eyes in the presence of the Royal 
Academy of Sciences (Ihst. de V Acad, anme 1700). On 
the points c and n, pi. 15 fig. 3, he placed small bits of 
pajier ; and having put the small part of the string ab in 
a state of vibration, the vibrations being communicated 
to the remaining part bk, the spectators saw, with astonish- 
mem, the small bits of paper placed on the points c and d 
remain motionless, while those placed on the other parts 
of the string were thrown down. 

If tlie part ab of the string, instead of being exactly an 
aliquot part of the remainder be, be for example -f. of it, 
the whole string ae will divide itself into 7 portions, of 
which AB will contain two, and each ot tliesc portions will 
vibrate separately, and emit only that sound which b^ongs 
to the 4- ol tile string. 

If the [larts ab and bl bc incommensiiralile, they will 
emit a souiiil alisoluiely discordant, and which almost im- 
mediately ceases on account of the mipossibiJity of bend- 
ings and invariable points of rest being established. 

AR'l irLK V I. 

Method of adding, subtracu*g, viultiphjing, and dividing 
concoi ds. 

It is ncecss'i*''y for those tio wish tr# understand the 
theory of music, to know what coricord>; result from two 
or ii^orcj^concprds, eitlier when added or subtracted, &c, 
by each other. For this reason we shall give the following 
rules. 
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PROBLEM I. ' 

' ‘ add one concord to another. 

. .^press the two Concordes by the fractions which repfe* 
them, and then multiply these two fractions together;' 
‘that is to say, first the numerators, and then the deno* 
ixiitiators ; the number thence produced, will express the 
cqlkcord resulting from the sum of the two concords given. 

Exam. I. Let it he required to add the fourth and fifth 

together. ^ 

The expression for the filth is and that for the fourth 
I ; the product of tliese two is being the ex- 

pression for the octave. It is indeed well known tliat the 
octave IS composed of a fifth and a fourth. 

Exam. ii. What is the concord ariiing from the addition of 
the third nut Jor and the third minor ? 

The expression for the third mjijor is ■*, and that of the 
third minor is fy tlie product of which is or which 
expre^es the fifth ; and this concord indeed is composed 
of a tmrd major and a thiid minor. 

Exam. iii. What is the concord produced by the addition 
f izi'o tones major ^ 

A tone major is expressed by -J., conceqiumtly, to add 
two tones major, must be multiplied hy g.. The product 
is» a fraction less than or which expresses the third 
major; hence it follows, that the concord I'xpressed by ^ 
is greater than the third major; and consequently two 
tones majni^ are more than a third major, or I'orni a third 
major false by excess. 

On the other hand, by adding two tones minor, W’hich 
are ‘^ach expressed by it will be found that their sum 

is greater than 0 *“ 4* which denotes the third 

majojr : two tones minor therefore, added together, make 
more than a third major. This third indeed is composed 
VOL. II. V. 
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of a tone knajor and a tone minor, as may be 
adding together the concords j- and 1/^ch make 
or 

It might be proved, in like manner, that two semi-t^€ls 
major make more tlian a tone major, and two semi^cdint^ 
minor less even than a td;ie minor ; and, in the last plabe, 
that a semi-tone major and a semi-tone minor, make exactly 
a tone minor. 

PROBLEM ir. 

, To subtract one concord from another, ' 

Instead of multiplying together the fractions which ex« 
press the given concords, they must here be divided ; or 
invert that which expresses the concord to be subtracted 
from the other, and then multiply them together as before : 
the product will give a fraction expressing the quotient, 
or concord required. 

Exam. i. What is the concord which results from the fifth 
subtracted from the octave? 

The expression of the octave is that of the 4fth 
which inverted gives ; and if f be multiplied by we 
shall have which expresses the fourth. 

Exam. ii. JVhat is the difference between the tone mt^or 
^ and the tone minor ? 

The tone major is exjiressed by J, and the tone minor 
by which when inverted gives ; the product of ^ by 
V* f-TJ which expresses the difference between the tone 
major and the tone minor ; this is what is called the great 
comma. 


PROBLEM in. , . 

7b a cfmeord, or to multip^ it any number ^ tjhnee 
' ' at pleasure, 

tn this case, nothing is necessary hut to raise the 
dr the fraction, which expresses the given concord, to the 
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demoted by the number of times it is to be ixmlti- 
pUe4 v^that is^.tOAbe square if it is to be d^ubled^ to the 
cube if to be tripled, and so on. 

the concord arising from the tone major tripled is 
as tlie expression of the tone major is tve shall 
haye^ X 8 x 8 512, and 9x9x9=; 729. . This coi)!- 

cord -^4 corresponds to the interval between ut and a fo, 
higher than^a sharp of the gammut. 

PaOBLEM IV. 

To divide one concord by any number at pleasure, or to Jpd 
, a concord which shall be the half, third, hUc, of a given 
concord. 

To answer this problem, take the fraction \fliich ex- 
presses the gireti concord, and extract that root of it which 
is denoted by the deU;rmitiate divisor: that is to say, the 
square root if the concord is to be divided into two ; the 
cqbe root, if it is to be divided into three, &c j and this 
root will express the concord required. 

Example. — As the octave is expressed by if the square 
root ofit be extracted, it will give nearly; but is less 
than and greater than | ; consequently the middle of 
the octave is between the fourth and the fifth, or very 
near fa sharp. 

ARTICLE VII. 

’*r 

Of the resonance of sonorous bodies; the fundamental 
principle of harmony and melody; with, some other har- 
monical phenomena, 

EXPERIMENT J. 

If you listen to the sound of a bell, c specially when very 
grave, ho\vever indifferent your ear may be, you will 
easily distinguish, besides the principal sopnd, several 
others more acute ; but if you have an ear accustomed to 
apprecisM^c the musical intervals,' you will perceive that 
one of these sounds is the twelfth or ffftii above the octave. 
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and another the seventeenth major, or third major BWtqr 
,the double octave. If your ear be exceedingly delicate, 
you will distinguis]^ also its octave, its double, andievnn 
its triple octave: the latter indeed are somewhait more 
difficult to be heard, because the octaves are almost con- 
founded with the fundamental sound, in consequence of 
that natural sensation which makes us confound the octave 
with unison. • 

The same elTect will be perceived if the bow of a 
violoncello be strongly rubbed against one of its large 
strings, or the string of a trumpet-marine. 

In short, if you have an experienced ear, you will be 
able to distinguish these dffi'erent sounds, either in the 
resonance of a string, or in that of any other sonorous 
body, and even in the voice. 

Another method of making this experiment. 

Suspend a pair of tongs by a woollen or cotton cord, or 
any other kind of small string, and twisting.lhe extremities 
of it around the fore linger of each hand, put these two 
fingers into your ears. If the lower part of the tongs be 
then struck, you i^ill first hear a loud and grave sound, 
like that of a large bell at a distance ; and this tone will be 
accompanied by several others more acute j among which, 
when the^ begin to die away, you will distinguish the 
twelfth and the seventeenth of the lowest tone. 

The truth of this phcitomcnon, in regard to the multi- 
plicity of sounds, IS co'dirmed by another expciiment, 
mentioned by Rameau, in Ins Harmonical generation. If 
you take, says he, those stops of the organ called botirdon, 
prestani nr fu/&, nazard an ^ tierce, winch form the octave, 
the twelfth and seventeenth major of the bourdon^ and if 
you draip out in succession each of the. other stops, while 
alone is sounding, you wdl hear their sounds 
s^^eiDessively mixed with each other; you may even ffis- 
Uaguish them while tiiey are all sounding together y but if 
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you ’prelude for a moment^ by way of amusement, ow the 
same' set ol key«, and then return to the single key first 
touched, you will think .you hear oi^Iy one tone, that of 
the bouruoii, the gravest of all which corresponds to the 
sound of the whole system. 

Ke^uark. — T his experiment, respecting the resonance 
of eonorous bodies, is not new. It was known to Dr, 
Wallis, and to Mersenno, who speak of it in their works ; 
but it appeared to thi-m a simple phenomenon, with the 
c.oiisequeiiees of which they were entirely unacquainted* 
Haineau first discovered its use in deducing from it ail the 
rules of musical composition, which before had been 
founded on mere s(Mitiniciit, and on experience, incapable 
of serving as a guide in ail cases, and of accounting for 
every clfi ct. Ii t< rin-. the basis of his theory of funda- 
mental bass, a sy-'ieiu which has been oppUw'»ed with much 
declamation, hut winch however most musicians seem at 
present to have adopted^ 

Ail lus liarmony then is multiple, and composed of 
sounds which would be produced by the aliquot parts of 
the soiloroiis body and w e might add j., -J., file. 

But the weakness ot tlic'-c sounds, winch go on alw'ays de- 
creasing in strength, renders it diiliciilt to distinguish them* 
Rameau howi ver stivs that lu. could distinguish very plainly 
tlic souiida xpiessed by i, wliicli is the double petave of a 
sound di% ided iiearJv into two equal part", being the inter- 
val betw'een /a and .s^ fiat below' the first octave: he calls 
it a lost sound, and totally excludes it from harmony. It 
would indeed be singularly discordant with ail the other 
sounds given by the fundamental tone. 

We must however observe that the celebrated Tartini, 
in regard to this sound, was not of the same opinion as 
Rameau. Instead of calling it a lost sound,^ie maintains 
that it may be employed iii melody as well as harmony ; 
be- distinguishes it by the name of the seventh consonaM. 
But^Weaball leave it to musicians to appreciate this idea of 
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TactioBy Dvhose celebrity in compositiorvas well as 
tion, required a refutation of a different kind, from-that 
to be found at the of a work printed in 1767, entitled 
JSUtoire de la Musique* , ' V 

EXRERIMENT II. • 

If you tune several strings to the octave, to the twelftb* 
and to the seventeenth major, of tlic determinate sound 
emitted by another string, both ascending and descending ; 
as often as you make that which gives the determinate 
sound to resound strongly, and with continuance, you will 
immediately see all th^est put themselves in a state of vi- 
bration: you will even'bear those sound which arc tuned 
lower, if care be taken to damp suddenly, by means of a 
soft body, the sound of the former. 

Most persons have heard the glasses on a table sound, 
when a person near them has been singing with a strong 
and a loud voice. The strings of an insti unient, though 
not touched, arc often heard to sound, in consequence 
of the same cause, especially after swelling notes long 
continued. 

This phenomenon arises, no doubt, from the vibrations 
of the air being communicated to the string, or to the so- 
norous body, elevated to the ab(;ve tones : for it may be 
easily conjceived that the vibrations of strings/- tuned to 
unison or to the octave, or to the twelfth, dtc, of that put 
in motion, are disposed to recommence regularly, and at 
the same time as those of that string, one vibration corre- 
sponding to another, in thceabcof unison ; two to one, in the 
case of the octave ; or three to one in that of the twelfth : 
tbs small impulsions theref re of the vibrating air, pro- 
duced by tiie string put in motion, will always concuMo 
increase thosp movemenls, at first insensible, wHkb they 
bav^#0casioned in the other strings.;, because they ^ill 
,|ai|lliihp4ace in the same direction, and will at lengjth'render 
tbem sensible. Thus a^ gentle breath of air, contibb^ 
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always m same direction, is at length able to elevate 
waters oFthe'^bcean. But when the strings in qnostk^ 
are stretched in such a manner, that their vibrations can 
have no correspondence* with those of the string which is 
struck, they will in this case be sometimes assisted and 
sometimes opposed, and the small movement which can be 
communicated to them, will be annihilated as soon as pro- 
duced, consequently they wdll remain at rest. 


QUESTION. 

Do the sounds heard with the principal sound derive their 
source immediately from the sonorous body^ or do they 
reside ojily in the air or the org$n ? ^ 

It is very probable that the principal sound is the only 
one that derives its origin immediately from the vibrations 
of the sonorous body. Philoso]>hers of eminence have en- 
deavoured to discover whether, independently of the total 
vibrations made by the body, there are not iviso partial vi- 
bration') ; but hitherto they have been able to observe only 
simple vibrations. Besides, how can it be conceived that 
the whole of a string should be in vibration, and that dur- 
ing its motion it should divide itself into two or three parts 
that perform also their distinct vibrations ? 

. It must then be said that these lurmonical sounds of 
octave, twelfth, seventeenth, &c, are in the air or the 
organ; both suppositions are probable; for^ince a de- 
tm'oiinate sound has the property of putting into a state 
of vibration bodies disposed to give its octave, its twelfth, 
^c, we must allow that this sound may put in motion the 
particles of the air susceptible of vibrations of doable, 
triple, quadruple, and quintuple velocity. What however 
appears most probable in this respect is, that these vibra- 
tions exist only in the ear : it seems indeed to be proved, 
by the, anatomy of this organ, that sound is»transmitted to 
the soul only by the vibrations of those nervous fibres which 
cover the interior part of the ear ; and as they are 
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ferent lengths, there arc always some of ^hetn which per- 
form th^ vibrations isochronr>us to those of the given 
sound. But, at the same time, and in consequence of the 
property above meiitloiied, this sound must put in motion 
those fibres which are susceptible ot i&ochronous vibratio^S| 
and even those which can make vibrations ot double, triple, 
quadruple, &c, velocity. Such, in our opinion, is the most 
probable explanation that can be given of this singulat^ 
phenomenon. 


EXPERIMENT Uf. 

For this experiment we arc indebted to the celebrated 
Tartini of Padua. M ydu diaw from two instruments, at 
the same time, any two sounds whateveri* you will hear in 
the air a third, which will he the more perceptible the 
nearer your cur is placed to the middle of the distance be- 
tween the two instruments. Let us suppo^e then, forex- 
ample, two sOuuds winch succeed each other in the order 
of consonances, as the octave and the twelfth, the double 
octave and the seventeenth major, &c ; the sound resulting, 
says Tartini, will be the octave of the piincipal sound. 

This experiment was repeated in f ranee with the same 
success, as Ate arc assured by M. Serres, in his Principes 
de r Jlarmonie^ printed in 17-53; but tMtIi this exception, 
that M. Serres found the latter sound to he lower by an 
octave. As the octaves arc easily confounded, this differ- 
ence needs excite no surprize. We must however here 
observe, that the cclebr.ited musician of Padua, established 
on this phenomenon a system of harmony and composi- 
tion ; but It docs not seem to have met with so favour- 
able a reception as that of R iincuii. 

ARTICLE \ in. * 

Of the different system of Music; the Grecian and the 
Modern, together^^with their peculiantm^ 
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§ 1 . 

Of the Grecian Music, 

' 'During the infancy of music amdhg the Greeks, their 
lyre -bad four strings, the sounds of vvliicli would have cor- 
responded to si, ut, re, mi; byt they afterwards added 
other three sol, la. Tmc first diatonic scale tlurefore 
of the Greeks, translated into our musical langu.igc, was 
si^ ut, re, mi,Ju, sol, la, and v\as coinpo^ej of two tetra- 
chords, or systems of four sounds, si, ut, re, mi; mi, fa, 
sol, la s in which tlic la t of tlie one and the fust of the 
other were common, and on tins account they were called 
conjunct Utrachords. 

Wc must here observe that, houever ‘.itiiriilar this dis- 
position of sounds may appeal to those who .ire aeijuaint- 
cd only with the modem diatonic oidtr, it is no less 
natural and agreealile to the rule-, of harmony ; for Rameau 
has shown that it is nothing else th.in a chant, the fuinla- 
inental bass of whieh would be, sol, ut, s>l, ul,fa, ut,fa. 
It possesses also the iulv.iiii.ige of h.tvmg only one alteied 
interval, mz the tlnrd minor hom re lo /V, wli.ch, instead 
of being in the ratio ol 5 to 6*, is in t.'i.i? ol ‘Jl to 32 ; winch 
is somew'hat less, and coiiseipieiitl\ too low by a comma of 
from 80 to 81. 

But tills perfection in the Grecian gammiit was counter- 
baJanced by cvm great imperiection'-, ’uz 1st. tliat it did 
not complete the oct.ive ; 2d. thut it did not teninnatc by 
a rest, which Icu’^es to tne c.ir tiut kiiul ot uneasiness re- 
sulting from a song hegnii and not tinisiied. it could nei- 
ther ascend to st, nor deseeiul to la; and therefore the 
musicians who, to complete tne oet tve, added the latter 
note below, considered it to be loieign, as we m.iy say, and 
give it the name ol proslambunomenos. 

For this reason they eiuk^avourcd to discover another 
remedy for lliis defect, and Pythagoras, as is sauJ,,^ro- 
pQ$ed the succession of sounds ya, sol,Jaj si,utfre. 
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fni, composed as it appears of Uira^h<fr4i* 

This diatonic scale is almost the same as ours, with .this 
difference, that ours begins and eqds with the tonic note, 
while the former begins and ends with the mediianto^or 
third major. This termination, almost reprobated at pi^ 
sent, was very common among the Greeks, and is still sO' 
in the chants or vocal music of our churches. ' . 

But here, in Consequence of the harmonic geueratioti, 
the values of the sounds and intervals are not the same as 
in the first scale. In the ffrst, the interval from sol to la 
was a tone minor, in the second it is a tone major. In the 
last place, accordiriyf to tins second arrangement there are 
three intervals altered ofYalse, viz the tierce major, from 
Jk to la, too h<g'i ; the tierce minor, from la to ut, too 
low; and the fiftn, frtiin la to mi, too high. These are the 
same faults as those of our diatonic scale ; but the tem- 
perament corrects them. 

To these sounds the Greeks afterwards added a con- 
junct tetrachord descending, si, ut, rei-mi, and another as- 
cending, 7m, fa, sol, lui by which they nearly supplied all 
the wants of melody, so far as it was confined to one tone. 
Ptolemy speaks of a combination, by means of which they 
joined the second primitive tetrachord to the first, lower- 
ing the si a semitone, which made si flat, ut, re, mi. This, 
no doubt, answered the purpose when they passed from 
the tone of ui to that of its lower fifth fa; a transition 
common in the Grecian music, as well as in our church 
music ; for in that case a si flat is required. Plutarch also 
speaks of a combination w'here the two last tetrachords 
were disjointed, by raising the fa a semi-tone, and that no 
doubt of its low'er octave. 'V^^bo does not here perceive 
ouryii^, which is necessary when we pass from the tone of 
ui to that of it$ upper fifth sol? The strings which corre- 
sponded to si flat and fa sharp, were no doubt merely 
and not substituted in the room of si aiid /h. 

‘'Wis well known that in the Grecian music there 
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the diatonic, chfomatTC, and enharmbnie; 
WhathiLa been hitherto said relates only to the diatonic**' 
tVhat characterises the enharmonic is, that it emplo^'s^ 
ekher ascending or descending, scvcml semitones in 
sHeeession. The chromatic gammut of the Greeks was 
A*> Uf, \U sharp, mi, fa^ fa sharp, la. This disposition, 
by which they passed immediately from ut sharp to 7 /m’, 
omitting the re must no doubt appear very strange ; but 
ilU' certain that this was the gammut employed by the 
Greeks in the chromatic genus,! It is however not known 
whether the Greeks had considerable pieces of music of 
this kind, or whether, like us, they employed it only in 
tery short passages of cantata? ; ‘for we aho have a chro- 
matic kind, though in a different acceptaiion. This tran- 
sition from semi-tones to seini-tones, is less natural than the 
diatonic succession ; but it has more energy to express cer- 
tain peculiar sensations: the Italians therefore, who are 
great colorists in music, make frequent use of it in then airs. 

In regard to the enharmonic music of the Greeks, though 
considered by the ancients the iiu '4 perfect kind, it is 
to us still an enigm«i. To give some idea of it, let us as- 
sume the sign as that of the cnliannonic diesis or sharp, 
which raises the note a quarter of a tone : tlie enharmonic 
■scale then w'as si, si'^, ut, mi, mi*, fa, la, where it appears 
that, after two fourths of a tone, from si to ut, or from vni 
to fa, tliey proceed to mi or la, I» can hardly be con- 
ceived how there could be ears so ivell exercised as to ap- 
preciate fourths of a tone, and even if we suppose that 
there \vere, wdiat modulation could they make with these 
sounds? It is hotvever very ccitain that this kind of music 
was long held in high estimation i.i Greece; but on ac- 
count of its diftlcnhy it was at length aiiandoned, so that 
not bven a fragment of Grecian music in (he enharmonic 
kind has been handed dowm to us ; nor any in the chro- 
matic, though w'C have some in* the diatonic. 

must however here observe, that this enliarinAfliic 
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music of the Greeks is not perhaps so renii^tfrom iiatui» 
as has been hitherto supf>oscd ; for does not Tartiniy 'iti 
proposingrthe use of his consonant sf^venth^ which is nearly 
a mean scRSnd between la and si Hat, pretend that this ltlk 
tonation, /tf, aY**, la, is not only supports 

able, but highly agreeable.. Tartini does more ; for he as- 
signs to this succession the ^ounds of its l3tiss, ut, sol^ 
sol, ut,fa, iiuiking ut svith this sign , which signifies con- 
sonant seventh.. If this pretensioti of Tartini should find 
partizans, may wc not say that tlie enharmonic music of 
the Greeks has been revived ? 

It now remains tliai wc should sav a few words respect- 
ing the nioJes of tlie Grccicin music. However obscure 
this matter may b(% if wc can believe the author of His^ 
toire dcs Matbemuttgui^s, who founds his ideas on certain 
tables of Ptoloiiiv, these modes arc nothing else than the 
tones of our luusu , and he gives tne following comparison, 

•The D •nan bcMiig lakcn hypothetically for ihe inode of- 
Ul, these inodes, some lower than the Dorian and others 
higher, were: 

The Hypo.lonan , . . corresponding to sol 


The H} poplirvgiaii ^ flat 

The Hy poplin gian aciitior la 

The Hypolydian or llypo-oeolian . . . « flat 

The Hopolydian acutior 
The Dorian ut 


Tlie lastian or Ionian ut sharp 

The Phrygian re 

The yEolian re sharp 

The Lydian . \ vii* 

The Hyperdorian , . fa 

The Hypeiiastiaii or jVIixoiydiuii . . yjz sharp 


{ The R 

question might be asked : If the difference of 


The Re^ 
plicate 
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Ot^eokn'tnodj^i^wronsisted in the greater or less heaghtrof 
the tone of the modulation, heS^ can we explain, w'hat is 
told ns of the characters of these different mod^s, some of 
,«rhich excited fur}', others appeased it, ££c f TSfeVe is rea* 
son'therefore to think that they depended on something 
more J and it is not improbable, that besides difference of 
tone, there was a character of modulation peculiar to each. 
The Phrygian, for example, which originated among a 
hai'dy and warlike people of that name, had a masculine 
and warlike character, while the Lydian, which was de- 
rived from a soft and ciTeinmatc people, had an analogous 
character, and conse(juently was proper for calming the 
transports cxcitcfl by the former. 

As we have here said enough respecting the Grecian 
music, we sh<ill now proceed to tlic modern,^ 

§ II. 

Of the Modern Muhc, 

Every person arquaintcd with music knows, that the 
gammiit, or iliatonic scale of ihc iiioderns, is represented 
by these sounds, ut, re, miy fa, sol, ht, si, uf, which com- 
plete the whole extent of the octave^' ; and, we shall add, 
that from its generation, as explained bv llamejii, it fol- 
lows that between ut and re iJiere i5 a tone major; from 
re to mi, a tone minor ; from mi lofi, a semitone major; 
from fa to sol a tone major, as well as Irom sol to la; from 
la to si a tone niir.or, and h orn si to ut a semitone major. 

Hence it is concluded, tliat in this scale there are three 
intervals, which are not entiieiv just, 'viz, the third minor 
from re to fa, and indeed, being composed of a tone minor 
and u semitone major, it is only in ihe ratio of 27 to 32 , 

♦ Of the SC’, en notes in the Fu-nch scaln Ui, re, sol, lo, st, four 

only tire {^eiitnallv nsc'd nniuiig us, as sol, la, nhicit are a))pli<.ii to the 

Scale in tbm oi<lu, /a, sol, la, Ja, sul,li, mt, /a, aiul ixpiess tin* uj|,tural 
series tiora C. It of Ictlf- consfqucm't however \vhich method 
still remain the same. 
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whieh«ts somewhat less, viz, an 80fch, ti}a%t)>at*o£ 
the;)a 9 t ratio of the soumra which compose the thMiuioori 
Iit^like^ranner, the third. major$ from fa to 19 too' 
high) beii| composed of two tones majors whereas it ciQghfi 
to be composed of a tone major and a tone mhiory to 
be exactly iii^tyie ratio of* 4 to 5. In the last place, the 
third minor, from la to ut, is also altered, and for the same 
reason as that from re to fa, , 

If this disposition of tones niiijor and minor were arbw 
trary, they might no doubt be arranged in such a manner 
that fewer intervals should be altered ; it would be sufficient 
for this purpose to make the tone from ut to re minor, tbtid. 
that from re to rni major ; the tone from sol to la might also 
be made minor, and that from la to si major. For it will 
be found, th^by this method there would be no more than 
a single third altered ; whereas, according to the other dis- 
positiqi), there are three. This circumstance has given 
rise to disputes among the musicians respecting the distd» 
bution of the tones minor and major ; some being desirousi^ 
for example, that there sliould be a tone major between 
and re, and others a tone minor. The harmonic genera* 
tion of the diatonic scale, as explained by llaineau, will not 
however allow this disposition, but only the former, which 
is that indicated by nuturo; and notwithstanding its im- 
perfections, which the temperament corrects, in the exe* 
cution, it is preferable to the first of the Grecian scales, a 
scale very deficient, as it <iui not comprehend the whole 
extent of the octave ; it superior also to the second, mi, 
fa, so{, &c, ascribed to Pythagoras, because its desinence 
IS move perfect, and conveys to the ear a rest, which is not 
in that of Pytlmgoras, on account of its fail on the tonic 
note, announced and preceded by the note si, the third of 
the fifth sol,itiip effect of which is so striking to our musical 
ears, that it lias been distinguished by the name of the 
sf^ywte. • ■ . 

Two modes, properly so called, are known in 
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the «€ wich are exceedingly striking to tm 

poSffesB^ of any musical sensibifity ; these are the nuifslr 
mo4^ and the minor mode. The major mode in 

^.diatonic scale the third of the tonitir«iiote% ms^or ; 
such is the third from ut to mL The above gammut^ or 
diatonic scale, therefore is in the major moilQ. 

But third of the tonic note be minor, it indicates 
the minor mode. This mode has its scale as well as the 
major. Thus, for example, if we assume la as the tonic 
note, the scale of the minor mode ascending will he la ^ siy 
uty rCy mi, fa, sol* , la. We here make use of the term 
ascending, because it is a singularity of the minor mode, 
that its scale descending, is different from what it is as- 
cending ; and indeed in descending wc ought to say la, 
sol,' fa, mi, re, ut^ si, la. If the tone were ut, the as- 
cending scale would be ut, re, mi'^, fa, sol, Id^, si, ut, and 
descending ut, si^, Ic^, sol, fa, mi^, re, ut. Hence the 
reason why, in airs in the minor mode, ive so often find, 
xivithout the tone being changed, accidental fiats ot sharps, 
or naturals, which soon destroy tlu ir effect, or that of 
those which are in tht! clef. This is one of those singu- 
larities, of the necessity of udiich the ear made musicians 
sensible ; the cause of it however, wdiich depends on the 
progress of the fundamental bass, was first explained by 
Rameau. 

To these two modes shall wc adil a third, proposed by 
M. de Blainviile, under the name of th»' mixed mode, the 
generation and properues of w'hich he explains in his His- 
tory of Music ? 1-1 IS scale is mi, fa, sol, la, si, ut, re, 7m, 
We shall here only observe, that musicians do not seem to 
have given a very favourable reception to this new mode, 
and we confess that we are not sufficiently versed in these 
matters to be able to decide whether they are right or 
wrong. But however this may be, the character of the 
ma^r mode is sprightlincss and gaiety ; while in the mt^ 
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xnodeii»there is something gloomy and sadj which renders 
it ^culiarly fitted for expressions of that kind* 

^e idhdcrn music has its geneiaas well as the ailhient* 
The diaiSliic is the most common ; and is that most agree- 
able to what is pointed out by nature ; but the moderns 
have thoir dH^omatic alsci, and even in certain respects 
their enharmonic, though in a sense somewhat^idiiFerent 
from that assigned to these words by tlic ancients. 

The modulation is chromatic when several semitones are 
pfissed over in succession, as if we should say fa^ mi, tm?, 
re, or sol, fa^, fa mi. It is very rare to have more than 
three or four semitones following each other in this man* 
ner; yet in an air of the second act of la Zingara, or the 
Gypsy, an Italian intermede, there is a whole lower oc* 
tave almost from ut to re in consecutive semitone's. It is 
the longest chromatic passage with which we are ac- 
quainted. 

Rameau finds the origin of this progrcs^.ioii in the nature 
of the fundamental bass, w Inch, instead of proceeding from 
fifth to fifth, ^^hich is its natural movement, proceeds from 
third to third. But it must here be remarked, that in the 
first passage from mi to wif’, there ought strictly to be 
only a semitone minor, and from to re a semitone 
major; but the temperament and constitution of most in- 
struments, by contoundiiig the ri'^ witli im^, divide into 
equal parts the ifiterval from re to mi, and the car is af- 
fected by them exactly in the same manner, especially by 
means of the accompaiiiiiK nt. 

There arc two enluirinoi.ic genera, the one called the 
diatonic enharmonic, anil the other ilie chromatic enhar* 
7no?iic, but they are veiv r.. ck employed bv musicians. 
These geneia are not so cal leir because (juarters of a tone 
are emp'oyei^in tlicm^ as ni the ancient enliarnionic ; but 
because, frblii the progress of the fundamental bass, there 
reauli sotinds, which, though taken one for the other, 
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really differ a qulirter of a tone, called by the ancients eii- 
h^th^ic, or arc in the ratio of 125 to 128. In 
enharmonic, the fundanfental bass goes on altciMt^^^ 
fiftliG^and thirds, and in the chromatic eifharmonic it goes 
on alternately by third major and minor. progression, 

introduces, both into the melody and the harniony, sounds 
which, belonging neitlier to the principq) tone nor its rela- 
tives, convey astoiiislimcnt to the ear, and affect it in a 
harsh and extraordinary manner, but which are proper for 
certain terrible and violcMit expressions. It was for this 
reason that Ilameaii employed the diatonic enharmonic in 
the trio of the Fates, in his opera-of Hippolitus and ArKia; 
and though he was not able to get it executed, he was 
firmly persuaded tliat it would have produced a powerful 
effect had he found performers disposed to 'fell into his 
ideas, so that he suffi'icd it to remain in the partition 
which was printed. He mentions, as a piece of the en- 
harmonic kind, a scene of the Italian opera of CoriolanOf 
beginning with these words, O iniqid Manni f which he 
says is admirable. Specimens of this gi iius are to he found 
also in two of his own pieces for the harpsichord, tho 
Trmmphante and the Enharmoniqucy and lie dul not de- 
spair of being able to employ the chromatic enharmonic 
at least in symphonies. And why indeed might he not have 
done, so, since Locatelli, in his first concertos, employed 
this genus, leaving the flats and sharps to exist, and dis- 
tinguishing for example the rt from mz*'. This, says a 
modern historian of rfhisie, M. de Blainvdlc, is a piece 
truly infernal, which throws the soul into a violent state of 
apprehension and terror. 

We Cannot terminate this article belter than by giving 
a few specimens of the music of different nation.s. For this 
purpose we have caused to be erigrived sdme Grecian, 
Persian, Chinese, Armenian and. Tartar airs, which will 
servQ.to give an idea of the modulation that characterises 
thi^BSsic of these people (plate 16). 

VOL. II. 
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5 ARTICLE IX. 

Musical Paraiioxes, 

. § 1 . 

It is hnpossvSk to intonate justly the following intervals^^y. 
ut, la, re, sol ; that is to say^ the interval hetweew sotand 
ut ascending, t%at from ut to la re~descending from third 
viinor, then ascending from fourth to re, and that between 
re and sol descending from fifth, and to make the second 
sol in unison with the first. 

It will be found indeed by calculation, that if the first 
sol be represented by 1, the ut, ascending from fourth, will 
be ^ ; consequently the la, descending from third minor, 
will be the re above then will be \l, and in the last 
place the sol, descending from fifth, will be But the 
sound represented by is lower than that represented by 
1, therefore the last sol is lower than the first. 

But how comes it that experience is contrary to this cal- 
culation ? In answer to this question we shall observe, that 
the difl’ereiice arises merely from the remembrance of thfe 
first tone soL If the car however were not affected by this 
tone, and if the performer’s wdiole attention were directed 
to the just intonation of the above intervals, it is evident 
that he woulH end with a lower sol. It therefore 6ft6n 
happens that a voice/' without an accompaniment, after 
having chanted a long air, in which several tones are pass- 
ed through, remains, in ending, higher or lower than the 
tone by which it began. 

This aris^^Jrom the necessary alteration of some inter*- 
vals in the Swonic scale. In the preceding example, from 
la to ut, there is only a third minor in the ratio of S!7 to 
3^, and^t ef 5 to JB^^but it is the latter w'hicH is into- 
nated if the voice be true and well exercised; conse- 
quetiily the* person who chants, lowers by a comma m6ro 
than is necessary, and therefore it is not astofiishinlf^at 
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the last sol should always be lower, by a comma, than the 
first. 

/n instruments constructed with keys, such as the harpsi- 
chord, it is impossible that the thirds and tk$ffths should 
lie bothjusL 

This may be easily demonstrated in tKe following man- 
ner.— Let there be a scries of tones, fifths to each other as- 
cending, as ut, sol, re, la, mi; if ut be denoted by 1, sol 
will be -f, 7^e 4, la -^j-, 7ni^: this 7ni ought to form the 
third major with the double octave of ut or 4) that is to 
say they ought to be in the. ratio of 1 to or of 5 to 4, or 
of 80 to 64 ; but this is not the case, for 4 und to 

each other as 81 to 64 : this mi therefore does not form the 
third major with the double octave of or if both are 
lowered from the double octave, ut and 7ni are not thirds 
to each other, if wi is a just fifth to la. 

In instruments w'lth keys then, such as the harpsichord, 
however well tuned, all the intervals, the octaves excepted, 
are either false or altered. Tins necessarily follows from 
the manner in which that instrument is tuned ; for when 
all the ufs are made octaves to each other, as they ought 
to be, the sol is made tlie fifth to ut, re the fifth to sol, and 
the octave is lowered, because it is too high ; It is then made 
the fifth Lo re, thus lowered, and nii the lifth to lu, and this 
Tuzis lowered from octave. By continuing in this manner 
to ascend twice from fifth, and then to descend from octave, 
the series of sounds si, fa , ut , sol*, re^, la^, mi*, si* 
are obtained. But the latter si , w hich ouj^fit at most to 
be in unison with the ut, the octave of the^^tst, is found 
to be higher ; for calculation shows that it is e.spressed 
by which is less than *- th«^||Jue of ^he octave of 

ut; this renders necessary wdiat is called temperament^ 
which cpnsists in lowering gently and equally all the fifths, 
no the latter si^ i.s found to he exactly the octave of 

A A 2 
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the first ut Such at least is the method teu^t by Ra- 
meau, and it is no doubt the most rational BuC w^t^VoV 
ii)|y be, the method employed, itj^^ always consists if^r, eject- 
ing in a more or less equal manner from the notes pt the 
Octave, this excess of above ut, which cannot be 4ojDlj^ 
without altering, in somp measure, the hfths, thirds, 8tc. 

We have just seen that the si^, given by the progres- 
sion of fifths, is higher than ut; but if the following pro- 
gression of thirds be employed, ut, mi, sol*, si*, this ii# 
will be very different from the former ; for it will be found 
that it is expressed by -/VV, while the octave of ut is But 
I is less than consequently this si* is below ut ex- 
pressed by I, and the interval of these two sounds is ex- 
pressed by the ratio of 128 to 125, which is the fourth of 
the enharmonic tone. 

§ III. 

^ lower note, for example re, affected by a sharp, is not the 
same thing as the higher note, mi, affected by a flat; Mind 
the case is the same with other notes which are a whole 
tone distant from each other. 

The sharps are generally given by the major mode, and 
even by the minor, provided the subtonic note is not dis- 
tant from the tonic more than a semitone major, as the 
si is from in the tone of ut; then, as from re to wii 
there is a tone minor, which is composed of a semitone 
major and a semitone minor, if ive take away a semitone 
major, by which re ought to be lower than mi, the re- 
mainder will be a semitone minor, by which the same re* 
ought to be higher than re. If the distance between the 
notes were major^ the sharp would raise the lower 

note by amSwerval equal to a semitone minor, plus a 
comma ofiBO to 3 U is a mean semitone between the 
major a^ thb minoiWThe note therefore is raised by the 
sharp offly a mean semitone, or a semitone minor. 

Fiato are generally introduced in modulation by^the 
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miiior jln^e, wheii it is necessary to lower the note a thirds 
so l^at it shall form with the tonic a third minor : mi 
tbereir<^e ought to fornf with ut a third minor ; cooi^e^ 
q^ently if from the third major ut which is we t^ke 
the third minor, which is the remainder is the quan^ 
tityi which expresses how much flie flat low'ers the 7m be- 
lo\tr the natural tone : rni flat then is higher than re sharp* 

In practice however the one is taken for the other, espe- 
cially in instruments constructed with keys: the flat in 
these is lowered, and the sharp gradually raised, till they 
coincide with each other; and we do not know whether 
practice would gain much by making a distinction between 
them. 

ARTICLE X. 

On the cause of the pleasure arising from music — The effects 
of it on man and on animals. 

It has often been asked, why two sounds, which form to 
each other the fifth and the third, excite pleasure, while 
the ear experiences a disagreeable sensjition by hearing 
sounds which arc no more than a touts or a semitone dis- 
tant from each other. Though it is ditiicult to answer this 
question, the following observations may tend to throw 
some light on it. 

Pleasure, we are told, arises from the perception of re-^ 
Jations, as may he proved by various examples taken from 
the arts. The pleasure therefore^ derived from music, 
consists in the perception of the relations of sounds. But 
are these relations sufficiently simple for the soul to per- 


ceive and distinguish their order? Sounds will please when 
beard together in a certain order but, on^^^ther hand, 
they will displease if their rclatioiis are too ^pplex, or if 
they are absolutely destitute of ord^ 

iriiis reasoning will be sufficientl^^^^f^ed b 3 f*an enumera- 
tion of the known concords. In jinison, the vibrations of 


two sounds continually coincide throughout the whole time 
of their duration; this is the simplest kind of relation. 
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Unison also is the first concord. In the octave^thu ttvo 
sounds, of which it is composed, perform their Vib^atic^ 
in such a manner, that two of the <yne are completed in thel 
same time as jtwo of the other. Thus unison is succeeded 
by the octave. It is so natural to man, that he who, through^ 
some defect in his voice, cannot reach a sound too grave 
or too acute, falls into the higher or lower octave. * 

When the vibrations of two sounds are performed in 
such a manner, that three of the one correspond to one of 
the other, these give the simplest relation, next to those 
above mentioned. Wbo does not know, that the concord 
most agreeable to the car is the twelfth, or the octave of 
the fifth ? In this respect it even surpa&es the fifth, the 
ratio of which, a little more compounded, is that of 2 to 3« 

Next to the fifth is the double octave of the third, or 
the seventcentli major, whicli is expressed by jlhe ratio of 
1 to 3. This concord therefore, next to the twelfth, is the 
most agreeable ; and if it be lowered from the double oc- 
tave, to obtain the tlurd, it will still be in consonance; the 
ratio (tf 4 to 5, by which it is then expressed, being very 
simple. 

In the last place, the fourth, expressed by |, the third 
minor, expressed by and the sixths, both major and 
minor, expressed by and are concords, and for the 
same reason. 

But it appears that all the other sounds, after these re- 
lations, are too complex for the soul to perceive their 
order: of this kind arc the intervals called the tone major 
and the tone minor, exprc'^sed by and and much 
more so the semitones major and minor, expressed by 
and ff. Su|pb.<’’aIso arc'^e concords of third and fifth, 
horivever little' they may be altered ; for the third majoi^, 
raised a comma, is expressed by and the fifth dimi- 
nishail^by the'same cfilaritity, has for its expression : in 
the last place, the tritonc/ as from ut to fa% is one of the 
most disagreeable discords, and is expressed by , 
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35 ?, 

•The Ipllowing very* strong objection however maybe 
nui^e io this reasoning. How can the pleasure arising 
froni.eoncords consist ii^ the perception of relations^ since 
thesouJ often does not know whether such ^ejations exist 
between the sounds f The most ignorant person is no less 
pleased with a harmonious concert -than he who has calcu- 
lated the relation of all its parts: what haa hitherto been 
said may therefore be more ingenious than solid. 

We cannot help acknowledging that we are rather in- 
clined to think so ; and it appears to us that the celebrated 
experiment on the resonance o? sonorous bodies, may serve 
to account, in a still more plausible manner, for the plea- 
sure arising from concords; because, us every sound de- 
generates into mere noise, when not accompanied by its 
twelfth and its seventeenth major, besides its octaves, is 
it not evident that, when wc combine any sound with its 
twelfth or its seventeenth major, or with both at the same 
time, we only imitate the process of nature, by giving to 
that sound, in a fuller and more sensible manner, the ac- 
companiment which nature itself gives it, and which can- 
not fail to please the ear on account ol tin; habit it lias ac- 
quired of hearing them together ? Tiiis is so agreeable to 
truth, that tluire arc only two primitive concords, the 
twelfth and the seventeenth major ; and that the rest, as 
the fifth, the third major, the fourth, .incl the sixth, are de- 
rived from them. We know also that these two primitive 
concords are tlie most perfect of all, and that the3^ form 
the most agreeable accompanitneiit that can be given to 
any sound ; though on the harpsichord, for example, to 
facilitate execution, the third major and the fifth itself, 
which with the octave form wha.||^ called harmony, 

are substituted in their stead. But this harmony is perfect 
only by representation, and the most perfect of all would 
be that in which the twelfth and the sfeventednth were com- 
bined with the fundamental sound and its octaves. Ha- 
meau therefore adopted it as often as he could in his 
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choruses, and particularly in his Pygmalion* ,We 
enlarge farther on this idea, but what has beeu^^lrea^ 
saicf will be sufHcient for every intelligent reader. 

Some very cjctraordinary things ^re related in regard to 
tlie ejects pi'^uced by the music of ‘the ancients,, which 
on account of their singularity we shall here mention. 
We shall then examine them more minutely, and show 
that, in this respect, the modern music is not inferior to 
tlie ancient. 

i\ganicmnon,' it is said, when he set out on the expedi- 
tion against Troy, being defirous to secure the fidelity 9 f 
his wife, left her nude/ the care of a Dorian musician, who 
by the cflFect of hi« airs rendered fruitlessij^S3|>r a longtime, 
the attempts of iEgistluisto obtain her affection ; but that 
Prince having discovered tlic cause of lier resistance, got 
the musician put to death, after which he triumphed with- 
out cliftieulty over the virtue of Clytemnestra. 

We are told also that, at a later period, Pythagoras com- 
posed songs or airs capable of curing the most violent pas- 
sions, and of recalling men to the paths of virtue and 
inodcratioii : while ilie phy&ician pre'>cnhes draughts for 
curing bodily disease-., an able mU'.iciau miglit tberefore 
prescribe an air for rooting out a vicious passion. 

The story of Tlm<)theu^, the director of the music of 
Alexander the Great, is well known. — One day, while the' 
prince was at table, 'rimothcus performed an air in the 
Plir^giari mode, vidiich made such an impression on him 
that, being already heated i*li wine, he flew to his arms, 
and was going to attack lii-> guests, had not Timotheus 
immediatciv changed the style of his performance to the 
Sub-Phrygian. 'I'lii', mod^-almed the imjictuoiis fury of 
the moi.areh, who resumeOTiis place at table. This wa^ 
the same Tuiiotheiis who, at Sparta, experienced , the 
hurniiiati^ of siy;mg public lysuppressed lour stringswhich 
'he hiij added to bis lyre. J'lu: severe Spartans thought 
that innovation would tend to effeminate the manner^, 
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byJtttFiOdticing a inore extensive and more variegated kind 
of ftiusie. This at any rate proves that tlie Greeks were 
convinced that music'h|id a peculiar influence on manners; 
and ttiat It was the duty of government tojkeep a watcb* 
ful eye over that art^ ' * ' 

' Who indeed can doubt that^ nrusic is capable of pro- 
ducing sUcb an effect ? Let us only interrogate ourselves, 
and examine what have been onr sensations on hearing a 
majestic or warlike piece of music, or a tender and pathetic 
air sung or played with expression. Who does not feel 
that the latter tends as much to melt the soul, and dispose 
it to pleasure, as the former to rouse and exult it f Several 
facts in regard^ the modern music place it on a level in 
this respect with the ancient. 

The modern music indeed has also had itsTimotheus,who 
could excite or cairn, at his pleasure, the most impetuous 
emotions. Henry HI. king of France, says U Journal de 
Sancy, having given a concert on occasion of the marriage 
of the Duke de Joyeuse, Claiidin le Jeune, a celebrated 
musician of that period, executed certain airs, which had 
sucli an eifcct on a young nobleman, that he drew his 
sword and challenged every one near inm to combat ; but 
Claudin, equally prudent as Tirnothens, instantly changed 
to an air, apparently fclub-Phiygian, which appeased the 
furious \ oulli. 

But, whut shall we say of Stradella, the celebrated com- 
poser, whose music made the daggers drop from the hands 
of his assassins? Stradella liaving carried off the mistress 
of a Venetian musician, and retired with her to Rome, the 
Venetian hired three desperadoes to assassinate him ; but 
fortunately for Stradella t)ieyj|||kd an ear sensible to har- 
mony. These assassins, vhile waiting for a favourable 
opportunity to execute their purpose, entered the ehurch 
of%lt. John de Latran, during the performance of an 
Oratorio composed by the person whom they intended to 
destroy, and were so affected by tli«, music, that tl>ey 



362 ^ KJFKCTS OF MUSIC. 

abandoned their design , and even waited on the musician 
to forewarn him of his danger. Stradella however was 
not always so fortunate ; other assaf&ins, who apparently 
had no ear music, stabbed him some time after at^ 
Genoa: this event took place about the year 1670. ’ ^ . 

Every person almost has, heard that music is a cure for' 
the bite of the tarantula. This cure, which was formerly 
considered as certain, has by some been contested: but^ 
however this may be, Father Schott, in his Musurgia 
Curiosay gives the tarantula air, which appears to be very 
duli 3 as well as that employed by the Sicilian fishermen to 
entice the thunny fish into their nets. 

Various anecdotes are related respectin^^rsons whose 
lives have been preserved, by music effecting a sort of 
revolution in their constitutions. A woman being attacked 
for several months with the vapours, and confined to her 
apartment, had resolved to starve herself to death : she 
was however prevailed on, but not without difficulty, to 
see a representation of the Serva Padronay at the con- 
clusion which she found herself almost cured, and, re- 
nouncing her melancholy resolution, was entirely restored 
to health by a few more representations of the like kind. 

There is a celebrated air in Swisserland, called Ram des 
PacheSy Avhich had such an cxtvaordinaiy effect on the 
Swiss troops in tlie French service, tliat they always fell 
into a deep melancholy when they heard it: Louis xiv. 
therefore forbade it ever to be played in France, under 
the pain of a severe penalty. We are told also of a 
Scotch air {Lachaher no more) which has a similar effect 
on the natives of Scofland. 

Most animals, and cven^sects-, are not insensible to 
the pleasure of music. There arc few musicians perhapa 
who have not seen spiders suspend themselves by their 
thrsads’io order* to be near the instruments. -We have 
several times had that satisfaction. We fiave seen a dog 
who, a^an adagio qi a sonata by* Sennaiiez, never foiled- 
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to ^hpw signs of attention, and some peculiar, sensation bjT 
hovi^ling^ 

The most singular fact however is that mentioned by 
Jonnet, in his History of Music. This autlmr relates that 
ah officer, being shut up in the Bastille, nad permisstOti 
to carry with him a Jute, on^w'bich he was an excellent 
performer ; but he liad scarcely made use of it for three 
or four days, when the mice issuing from their holes, and 
the spiders suspending themselves from the ceiling by their 
threads, assembled around him to participate in his melody. 
His aversion to these animals made their visit at first dis* 
agreeable, and induced him to lay aside Jiis recreation; 
but he ivas sc^l^so accustomed to them, that they became 
a source of amusement. We are informed by the same 
author, that he saw, in 1688, at the country seat-of Lord 
Portland, the English ambassador in Holland, a gallery in 
a stable, employed, as he was told, for giving a concert 
once a week to the iiorses, which seemed to be much 
affected by the music. This, it must be allowed, was 
carrying attention to horses to a very great lengtli. But 
it is not improbable that this unecdcjtc \*as told to Bonnet 
by some person, in order to make game of liim, 

ARTICLE XI. 

0/ the properties of certain uisirumcnts, and particularly 
wind instrument'!. 

I. We are perfectly well acr}uaiptc'd wdtli the manner 
in which stringed instruments emit their sounds; but 
erroneous ideas were Jong entertained in regard to wind 
instruments, such as the flute; for tlfc sound was ascribed 
to the interior surface of the The celebrated Euler 

first rectified this error, and it results from his researches: 

That the sound produced by a flute, is nothing else 
than that of the 'cylinder of. air contained tn it. — 2d. TJhat 
the weight of the atmosphere which compresses it, acts 
the part of a stretching'' ^vcight. — 3(1% That the sound of 
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this cylinder of air^ is exactly the same as' "^hiicll 
would be produced by a string of the same mass and' lehg'th^ 
extended by a weight equal to that which compresses the 
bojie of the cylinder. 

This fact is conhrmed by experiment and calculation :' 
for Euler found that a cylinder of air, of 7^ Rhinlandish 
feet, at a time wdien the barometer is at a mean height, 
must give C — sol — ut ; and such is nearly the length of 
the open pipe of an organ which emits that sound. The 
reason of its being made generally 8 feet is, because that 
length is required at those times when the weight of the 
atmosphere is greater. ^ 

Since the weight of the atmosphere produces, in regard 
to the sounding cylinder of air, the same effect as that 
produced by the weight which stretches a string, the more 
that Weight is increased, the more will the sound be ele- 
vated; it is therefore observed that during serene warm 
weather, the tone of wind instruments is raised ; and that 
during culd and stormy weather it is lowered. These 
instruments also emit a higher sound, in proportion as 
they are heated ; because the mass of the cylinder of heated 
air becoming less, while the weight of the atmosphere 
remains uncnangetl, the case is exactly the sanie as if a 
string should become less and he still stretched by the 
same weight: every body kiiov\s that sucli a string Would 
emit a higher tone. 

But as stringed instruments must become lower, because 
the elasticity of the strings insensibly decreases, it thence 
follows that wind ami .|tringcd in.-.trnments, however well 
tuned they may be to earh otiicr, soon become discordant: 
for this reason the Italians fter^r admit the former into 
their Orchestras. 

n» JtPvfiry singular plicm’menon is observed in regard 
to Wlfl^nstru merits, such as the flute and huntsman^s horn : 
wiitK i flute, for example, when all the holes are stopped^ 
ifyou bkW faintly irifo the mouth aperture, a certain tone 



if you blo\7.a little strotigjery.tli^ tene 
intently rises tp the octane ; and by blowing succ^aiyely 
^Ufi inpre force,, yc^ will produce the twelfth^ or 4ftb 
above the octave; then the, double octave^ or seyente^tlt 
major. . , • ^ 

The cause of this, effect is .the division of the cylinder 
of, air contained in the instrument: wdien you breathe into 
the flute gently, the whole column resounds, and it emits 
the lowest tone ; but if you endeavour, by a stronger in- 
spiration, to make it perform quicker vibrations, it divides 
itself into two parts, which perform their vibrations sepa^ 
lately, and \|j(hicli consequently must give the ooteiye & a 
still strongcr^spiration makes the column divide itself 
into three portions, which give the twelfth, &c. 

III. It remains for us to speak of the trumpet marine. 
This instrument is only a luonochord of a singular con- 
struction, being composed of three boards that form a 
triangular body. It has a very long neck, and one thic^ 
string, mounted on a bridge, wdiich is firm on theone.sid^ 
and tremulous on the other. It is struck by a bow with 
one hand, and >mi1i the other the string is stopped or 
pressed on the neck by nicuns of the thumb, applied to 
the divisions indicated for the different “^nes.—The 
trembling of the bridge, when the string is struck, makes it 
imitate the sound of the trumpet; and thii^jt does to such 
perfection, tiiut it is scarcely possible to distinguish tne 
one from the other. Hence it Irad its name : but whereas 
in common stiinged instruments the tone becomes lower 
as the part of the string struck is longer, the case here is 
the contrary; for if the half of thi string, for example, 
gives uty the two thirds give ^he j ’/ above, and the three 
fourths give the octave. 

M. j^uveur first assigned the reason of this singularly, 
and proved it ip a sensible manner, by sffowing that i^heu 
the string, by the gentle application of the finger, is 
divided into two parts which are to tiacli other as 1 to 2, 
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ivhate^er part be touched, the greater immedi&tety dLYUl0s 
itself into two equal portions, which consequently perfdrin 
their vibrations in the same time, anU give the sameso^Dcl 
as the less. But the less being the third of the whole, and 
the two thirds of the half, it must give the fifth or, sol 
when the half gives ut. In ‘like manner, the three fourths 
of the string divide themselves into three portions, each 
equal to the remaining fourth, and as they perform their 
Tibrations separately, they mut»t emit the same sound, 
which can be only the octave of the half. The case is the 
same with the other sounds of the trumpet marine, which 
may be easily explained on the same prinq^e. 

ARTICLE XII. 

Of a fixed sound; method of preserving and trafismitting it* 

Before the effects of the temperature of the air on 
sound, and on the instruments by which it is produced, 
were known, this would not have formed the subject of ^ 
question, but to the few possessed of an car exceedingly 
fine and delicate, and in winch the remembrance of a tone 
is perfect.* to others no doubt would remain that a flute, 
not altered, would always give the same to[i(\ Such an 
opinion however would bo erroneous, and if the means of 
transmitting to St. Domingo, for example, or to Quito, or 
only to posterity, the exact pitch of our opera were re- 
quired, to solve this problem would be attended with more 
difficulty than miglit at first be imagined. 

Notwithstanding what iiiu} be generally said in this re- 
spect, we shall here bggin by a sort of paradox. It is every 
where said that the degree of the tone varies according 
to the Aveigbt of the atmosphere, or the height of the 
'barometer. This we can by no means admit; and we 
flatter our^ves ^that we can prove the contrary. 

It liatf^|i0u demonstrated by the formula: of Euler, and 
no'one etitertaius dny doubt* in regard to their truth, that 
if G, represents the height which compresses the column 
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of iWairiL ftute,vr> the length of- that cohunri, and w itii 
weight, the' number of the vibrations it makes will be est- 
|)t6'ssed‘by \^^/thaf is to say, wll be in the compound 
'ri^iO Af the square root of g, or the compressing wmght 
taken tlifectly, and the product of the length by the tyeight 
talien inversely. Let us suppose then that the length of 
the "column of air put in vibration is invariable, and that 
the gravity of the atmosphere only, or g, is variable, as 
well as the weight of the vibrating column. In this case 
we sbajl have the number of the vibrations proportional to 
the expression^— . But the density of any stratum of 
air being pro^rtional to the whole weight of that part of 
the atmosphere immediately above it, it thence follows 
that w, which in equal lengths is as the density, is as o. 
The fraction ^ therefore is constantly the same, when 
ditfereiice of heat does not alter the density. The square 
root of “ then is always the same ; consequently there 
will be no variation in the number of the vibrations, br'in 
the tone, at wliatever height in the atmosphere the instru- 
ment may be situated, or wiiatevcr be the gravity of the 
air, provided its temperature has not changed^, 

This reasoning, in our opinion, is unansweraWe'; and 
if the gravity of the air has hitherto been^eckoned among 
those causes wliich alter the tone of wind histruinents, it 
is because it has been implicitly believed that the weight 
of the column of air put in vibration is invariable. It is 
however evident that under the same temperature it must 
be more or less dense, according te the greater or less 
density of the atmosplierc; since it has a communication 
with the surrounding stratum of air, the density of in^hich 
IS proportional to that gravity. But the gravity in equal 
volumes is proportional to the density ; therefore, &c. ^ 
■'Nothing thcii'Vcmains to be considered but the tetlipenu 
^te of the air, which is the only cause that can produce 
fariiBfioiTa ih the t^Ee of a wind rastrameitt. Bui: wh^^ver 
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may. be the degree qf heat or of col<t^ tbe tone jDDfij|ikfe be 
fixed in the following manner. Fear this purpose provide ' 
an, instrument, such as. a German fldte, the.oylUidef of^ mr 
ia which can be lengthened or shortened moving the ' 
joints closer to or farther from each oilier ^ and^^JiaVe 
another so coustructed, as to remain invariable,.and.^which 
ought to be preserved iu the same tetn||erature^> such es 
54 degrees of Fahrenheit’s thermometer* Thes-lirst flute 
being at the same dcgree.of temperature, bring thcof both 
into perfect unison, and then heat the first to 74° of 
Fahrenheit, which. will necessarily communicate ^to the 
cylinder of air contained in it the same (|^ree of heat, 
and lengthen it by the quantity necessary to restore per- 
fect unison : it is evident that if this elongation were . 
divided into 30 parts, each of them would represent the 
quantity by which the flute ought to be lengthened for 
each degree of Fahrenheit’s thermometer. 

But it may be readily conceived that the quantity of 
tbds elongation, which at most would be but a few lines, 
could not be divided into so many parts ; and therefore it 
ought to be executed by the motion of a screw, that is to 
say one of the joints of the instrument should be si^rewed 
into the other; for it would then be easy to make this 
elongation correspond to a whole revolution, and hence it 
might be divided duto a great number of e(]ual partsi^^ 

By these means ^the opera at Lima, if required, where 
the heat frequently rise*, to 110 of Fabreiilieit’s thermo- 
meter, might be made to have exactly the same pitch or 
tunc as at Pans. Bqt this is sufficient on a subject the 
Utility of which would not be worth the trouble necessary 
for attainiug to such a degree of precision. 





AHTICLE Xltr. 


’ applithtion of vmsic to a question in v^ecKanies, * 

question Wbs formefly proposed by Borelii ; and 
thoug^h we do not think tliat it can at ptesent b&a subjeei 
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of tomroversy^it jpss occasioned some difference of opinion 
among a certain class of mechanicians. 

Fasten a string at one end to a fixed point ; and having 
stretched it over a kind of bridge, suspend from it a weight, 
suoh aa^O pounSs for example. 

Now if, instead of the fixed point, which maintains the 
string in its place in opposition to the action of the weight, 
a weight ^nal to the former be substituted, will the string 
in both cases be equally stretched ? 

We have no doubt that every well informed mechanician 
will readily believe that in both cases the tension will be 
the Same; and lij|is necessarily follows from the principle 
of equality between action and re-action. According to 
this principle, the immoveable point, which in the first 
case counteracts the weight suspended from the other end 
of the string, opposes to it a resistance exactly equal to 
the action which it exercises: if a weight equal to the 
former be therefore substituted instejid of the fixed point, 
every thing remains equal in regard to the tension ex- 
perienced by the parts of the string, urul which tends to 
separate them. 

But music furnishes us with a method of proving this 
truth to the reason, by means of the sense of hearing ; for 
as the tone is not altered while the tension remains the 
same, nothing is necessary but to make the following ex- 
periment. Take two strings of the same metal, and the 
same size, and having fastened one of them by one end to 
a fixed point, stretch it over a bridge, so as to intercept 
between^it and the fixed point a determinate length, such 
as a foot for example ; and suspend from the other end of 
it a given weight, such as 10 pounds. 'Fhen extend the 
second string over two bridges, a foot distant from each 
other, and suspend from each extremity of it a weight of 
10 pdtirldsr; if the tone of thesc^two strings be the same, 
there will be reasoe to conclude that the tension also is the 
same.^' We do not know whether this experiment was ever 
vop* IJ. « 
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made ; but we wiJl venture to assert it will decide in 
favour of equality of tension. ' * 

This ingenious application of ''music to meebanics, is 
the invention of Diderot^ who proposed it in bis Menwires 
sur differentes sujets de Matheniatique^'et de Physique, 
printed at Paris in octavo'' in the year 1748. 


ARTICLE XIV. 


Some singular considerations in regard to the flats and sharps, 
and to their progression on their different tones. 


_ Those in the least acquainted with music know that, 
according to the different keys employed in modulation, 
a certain number of sharps or flats are required ; because in 
the major mode, the diatonic scale, with whatever tone we 
begin, ^must be similar to that of ut^ which is the simplest 
of all, as it has neither sharp nor flat.' These flats or sharps 
have a singular progress, which deserves to be observed ; 
it is even susceptibly of a sort of analysis, and as we may 
say algebraic calculation. 

To give some idea of it, we shall first remark, that a flat 
may and ought to be considered as a negative sharp, since 
its effect is to lower the note a semitone, whereas the sharp 
raises it the same quaiitiU . This consideration alone may 
serve to determine all the sharps and flats of the different 
tones. 

It may be readily seen tliat when a melody in ut major 
is raised a fifth, or brought to the tone of sol, a. sharp is 
required on the fa. It may taerefore be thence concluded, 
that this modulation, lowered, a fifth or brought to fa, will 
require a flat ; and indeed one is required on the si. 

^ It hence follows also, that if the air be raised another 
fifth, that is to say to re, one sliarp more will be re(|uired j 
and this is the reason why two are necessary. , Hut to rise 
two fifths, an<i then dbsceiid an octave to approach the 
primitive tone, is to rise only one tone ; consc<iuently to 
)*aise the air one tone, two sharps must be added. The 
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tone of re, indee^ requires two sharps^ and- for tlie same 
reason the tone of mi requires four. 

„Thq requires one flat, and tliat of^i requires 

foqp sharps^; therefore, when an air is mised a semitone, 
iiye flats must t^i^added i for, a flat heing a negative sharp, 
it is evident that such a niimbef of flats must be added to 
tlie four stiarps of mi, as shall cHacc these four sharps, and 
leave one>|0at remaining; which cannot be done but by 
five. fiats, for, according to the lafigu.'ige of analysis, — 5x 
must be added to 4jr, to leave as remainder — .r. For the 
same reason, if the modulatio^be lowered a somitone, five 
sharps must be ^dded : thus, as the tone of ut has neither 
sharps nor Hats,' five sharps will be found necessary for si, 
which is indeed the case. If the modulation be still 
lowered a tone, to ho in /a, we must add two flats^ in the 
same manner as two .sharps are added when we rise a tone. 
But five sharps plus two Hats, is the same thing as five 
sharps minus two sliarps, or three sharps. We still find 
therefore, by tliis method, that the tone of la roquire-s three 
sharps. 

But, before we proceed farther, it will be necessary to 
observe, that all the chromatic toiic-i, ihat is to say all 
those inserted between tlie tones ol tiie natural diatonic 
scale, may be considered as sliarjis or Hats ; tor it is evident 
that or re^ are the same thing. I> is very singular 
however, that according as this note is tonsulcred an in- 
ferior one affected by a sharp, or a superior one uiTected 
by aflat, the number of sharps required by the tone of the 
first, ut^, for example, and that ot the flats required by 
the tone, of the second, rc^, always make 12; which 
evidently arises from tlni division of tin* octave into 12 
semitones: therefore, since as above shown, requires 
five flats, if, instead of this tone, \vc consider it as 
seven sharps will be required ; buM’or the facility of exe- 
cution it is much better, in the present case, to consider 
this tone as re**, than n^. 


li 1 ) 2 
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This change therefore ought always to bh'tlifade- Wfa’&fi 
the number of the sharps exceeds, six ; so that; since 
sharps, for^xample, would be fou*'nd in the tone of we 
mtist call it and Ve shall have for that tone two flats, 
because two flats are the complement of len sbarpa^^On 
the other hand, in following the progression of the semi- 
tones descending, if wc should find a greater number of 
sharps thait, 12, we ought to*reject IG, and thcpTetnainder 
will be that of the tone^roposed : for example, as ill hhs 
neither sharp nor flat, we have five sharps for the lower 
tone si; tcu sharps for semitone beloW /tfl^,* -fifteen 
sharps for the still lower semitone la: if twelve sharps 
therefore be rejected, there will remain three, which are 
indeed the number of sharps necessary in the tone of — 
mi-^la. 

The tone of sot* ought to have 8 or'4 flats, if w^e call it 

The tone of sol will have 18 sharps, from which if 12 be 
deducted, one sharp will remain, as is well known. 

The tone of /a* will have 6 sharps, or 6 flats, if we call 
it sol^. 

The tone Jit ought to have 6 flats plus 5 sharps ; that is, 
I flat, as the 5 sharps destroy the same number of flats. 

That of mi will have i flat plus 5 sharps ; that iS 4 
sharps, as the flat destroys one of them. 

That of re* will liave 9 sharps or 3 flats, if it be con- 
sidered as mib. 

That of re will have 14 sliarps ; that is to say 2, by re- 
jecting 12, or 3 flats plus 5 sharps = 2 sharps. 

That of ut wdl have 7 sharjis, or 5 flats, if we call it rtf’*. 

In the last place, tin* tone ut natural will have 12 sharps; 
that is, none, or 5 flats plus .5 sharps, whicli destroy each 
other. 

The' very lame results would be obtained in ascending 
by semifone after seipitbnc from ut, and adding 6 flats for 
each; taking care to reject 12 when they exceed that 
number. Our readers, by way of amusement^ may make 
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tlu» «a)eulati0R. Byjcalculadng the nuunher-of the iemU 
tonesi eithei: ascending or descending, we might io like 
manner'Jhnd tb^t of sharps or Bats of an^tone given. 
,+ Let 148 take, for example, that of /a* : from ut ascentd- 
,ing there are silt semitone^ and six times 5 flats makes 30 
flatl; fthm which if we deduct 24, a multiple of 12, the 
.remainder ivill be 6 : sol^ therefore will have 6 flats. 

..The same/fl* is 6 tones lower thanu/; consequently 
there must be 6 times 5 or 30 sharps ; from which if 24 
be deducted, 6 sharps will remain, as we have found by 
another method. 

. The tone of sol is 5 sem|eones lower than ut; conse- 
quently there must be 5 times 5, or 25 sharps ; from which 
if 24 be deducted, there will remain only one sharp. 

As the same tone is 7 semitones higher than w/, there 
must be 7 times 5 or 35 flats ; from which if 24 be de- 
ducted, the remainder will be 1 1 flats, that is, one sharp. 

This progression appeared to us so curious as to be 
worthy of this notice ; but in order that it may be ex- 
hibited under a clearer and more favourable point of view, 
we shall form it into a table, which will at any rate be 
useful to those who arc beginning to play on the harpsi- 
chord. For this purpose we shall present each chcomatic 
note as flattened or sharpened, and on the left of the 
former we shall mark tlie sharps it requires, and the flats 
on the right of thedatter. 
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3 sharps ... la* . ^ * 

10 sharps . la* or 2 flats 

5 ||harps . . . si* . 

0 sham . . . ut* . 0 flat 

Of these tones, wc have marked those usually eipploye^ 
with a • ; for it may he easily conceived that by employ* 
ing re* under this form, we should have 9 sharps, which 
would give two notes wijji double sharps, v\z/a**f 
so that the gamut would be re* f?ii*, or or salf 

sol*j la* f SI* or ut, i//** tc* ; which it wpuld be 

exceedingly difficult to cJUPte : but by taking wii**, in- 
stead of re*, wc have only 3 flats, which renders the 
gamut much simpler, as it then becomes 

sol, U\ si*, ut, rcy mi^. 

We are almost inclined to a^k pardop of our readers for 
having amused them with this frivolous speculation; but 
we hope the title of our worknviJI plead our excuse. 

ARTICLE XV. 

Method of improving harrel-ivstrumcnts, and of making 
them jit to execute aii’s oj every kind* 

The> 4 ncchanisui of that instrument, called the barrel 
organ, is well known. It consists of a great number of 
pipes, graduated according to the tones and semitones of 
the octave, or at least those semitones Arhich the progress 
of modulation in general requires. But these pipes never 
sound except when the wind of a bellows, kept in con- 
tinual-action, is made to penetuite to them by means of a 
valve. This valve is shut by a spring, and opened when 
necessary by a small lever, raised by spikes implanted in 
a wooden cylinder, v\hich is put in motion by a crank. 
The crank series also to move the bellows, which must 
continiially furnish the air, destined to produce the differ- 
ent sounds by its introduction into the pipes. 

But, in order that the subject of this article may be 
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properly comprehended » it will be necessary that the 
reader should have a perfect idea of the manner in which 
the notes are arranged* on the cylinder. 

Tiie different small levers, which must be vliised to pro- 
duce the different tones, being placed at a certain distance 
fromoach other, that of half ao iiich for example, circular 
lines are traced out at that distance on the cylinder. One 
of these lines is intended for receiving the spikes that pro- 
duce the sound ut, the next for^hose that sound ut^, the 
next for those that give re, and so on. There are as 
many lines of this kind Rs^|||||^ arc pipes ; but it may be 
ectsily conceived that the dipPSn of an air or tune cannot 
exceed one revolutnni ot the cylinder. 

Let us suppose then that tlie air consists of 12 measures. 
Each of these ciicumferences i^ divided into 12 equal 
parts at least, hy 12 lines drawn parallel to the axis of the 
cylinder; and if we sUj>))Oie that the shortest note of the 
air IS a quaver, and that tlie air is in triple tune, denoted 
b}' each interval must be divided into six equal portions; 
because, in this case, a measure will contain six quavers. 
Let us now suppose that the first notes of the air are la, 
u(, si, re, ut, mi, re, &c, all equal noles, and all simple 
crotchets. At the begiiinmg of the line for receiving the 
la, and of the first measure, a spike must be placed of 
auch A construction, as to keep laiscd up during the third 
of a measure the small lever tliat makes the la sound ; 
then, in the line destined for the ut, at the end of the 
second division or beginning of the third, a spike similar 
to the first must be fixed in the eylnider; and in the line 
destined for the si, another of the same kind must be 
placed ; it is evident that, when th'. cylinder begins to 
turn, the- first spike will make la sound during the tliird of 
a measure. The second, as soon as the first third of the 
measnm is elapsed, will catch the lever and make ut 
sound ; and the third will in ’like manner make Jt sound 
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durin|r tl^e last third. The instruuneot therefore will taj; 

«r, St, &c. 

Ifi instead ,of three crotchets, there were six quavers, 
which in thirineasure are the. first iong^ the second short, 
the third long, and so on alternately, which are caUed 
dotted quavers, it may lie easily perceived that after tibe 
spikes of the first, third, and fifth notes, have been fixed 
in the respective places of the division where they ought 
to be, nothing will be necessary but to take care that the 
spike of the first quaver, which lu this time ought to b« 
equal to a quaver and a ha]&||ri|yi have its head constructed 
in such a manner as to rais#||Pf^ lever during one part and 
a half of the six divisions into which the measure is divided} 
which may be done by giving it a tail behind of the neces- 
sary length. In regard to the short quavers, the spikes 
representing them ought to be remoxed back half a di- 
vision, and to he formed in such a fhanner, as to keep the 
lever corresponding to them liised up only during the re- 
volution of a semidivision of the cylinder. By these ex- 
amples it may be easily seen what must be done in^tlio 
other cases, that is, when the notes have other values. 

Were the cylinder immoveable in the direction of its 
axis, oqly one air could be performed ; hut as the spikes 
move the small levers merely by touching them beneath 
in a very narrow space, such as the breadth of a line at 
most, which is a mechanism that may be easily conceived, 
it will be readily seen that by giving to the cylinder the 
small lateral motion of a line, none of the spikes can com- 
nuinicate motion to the levers. Another line therefore, to 
receive spikes arranged so as to produce a different, air, 
may be drawn close to each of the first set of lines, and 
the number of the different sets of lines may be six or 
seven^lj^cording to the interval between the first alines, 
wbiq^ is the same as that between the mi4dle of one pipe 
and (he middle of the neighbouring one : by these means. 
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if thexylinder be moved a little in the direction of its<axi^ 
the air may be chang^. 

Such is the mechanism of the hand or barrel organ, xhd 
O^ei^ instroments constructed on the same p^nciple^ but 
be easily seen that they are attended with this in- 
convenience, that they can perform only a very small 
number of airs. But as a series of five, six, eight, or a 
dozen of tunes, is soon exhausted, it might be a matter of 
some importance to discover a method by which they 
might be changed at pleasure. 

We agree in opinion withjKderot, who has given some 
observations on this subjec^^i the woi^c above quoted^ 
that this purpose might be answered by constructing the 
cylinder in the following manner. Let it be composed of 
a piece of solid wood, covered with a very hard cushion, 
and let the whole be pushed into a hollow cylinder, of 
about a line in thickness, On this inner cylinder draw the 
Jin^s destined to receive th# spikes, placed at the proper 
intervals for producing the different tones ; and let holes 
be pierced in these lines at certain di.stances, six for ex- 
ample in each division of the measure if it be triple time, 
or eight in the measure if it be common time, denoted by 
c : we here suppose that no air is to be set that has shorter 
notes than plane quavers. Twelve holes per measure will 
be required in the first case, and sixteen in the second, if 
the air contains semi-quavers. 

It may now be readily conceived that ou a cylinder of 
this kind any air whatever might be set ; nothing will be 
necessary for this purpose, but to thrust into the holes of 
the exterior cylinder spikes of tlic proper length, taking 
care to arrange them as above explained ; they' will be suf- 
ftaiendy firm in their places in consequence o^^ the elas- 
ticity of the cushion *, strongly compressed between the 
inner cylinder and the hollow outer one. When the air 

Might not cotk b*' employed instrad of the cushion here proposed f 
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is to be changed, the spikes may be drawn out, and put 
into a box divided into small cells, in the same manner aO 
printing types when distributed in tfie cases. The interior 
cylinder may then be made to revolve a Httle, in order to 
separate the holes in the cushion from those in the exterior 
cylinder, and a new air ma5^ then be set with as much fa- 
cility as the former. 

We shall not examine, with Diderot, all the advantages 
of such an instrument, because it must be allowed that it 
nevier can be of much utility, and will have no value in 
the eyes of the musician. ^ is however certain that it 
would be agreeable, for those who possess such instru- 
ments, to be able to give more variety to the airs they are 
capable of performing ; and this end would be answered 
by the construction here described. 

* ‘ 

ARTICLE 

€)f some viusicai vutrumeni^^^machines remarkable for 
their singularUy or tomiruciion. 

' At the head of all these musical instruments, or ma- 
chines, we ought doubtless to ‘place the organ ; the extent 
and variety of the tones of wdiich would excite much more 
admiration, were it not so common in our churches ; for, 
besides the artifice necessary to produce the tones by means 
of keys, what ingenuity must have been required to con- 
trive rh^hanism for giving tliat variety of character to the 
tones, which is obtained by means of the different stops, 
such Jts those called the voice stop, flute stop, &c ? A com- 
plete description therefore of an organ, and ofiits con- 
struction, would be sufficient to occupy a large volume. 

The ancients had hydraulic organs, that is, organs the 
sound of,,whioli was occasioned by air produced by the 
motion of w'a^er. These machines were invented by 
Ctesibius of Alexandria, and his scholar Hero. From the 
description of these hydraulic organs, given by Vitruvius, 
ip the tenth book of his Architecture, Perrault constructed 
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one which he deposi^d in the King’s librat-y/ where the 
Eoyal Academy of' Sciences held their sittings. This'in- 
stet^tent indeed is not to be compared to:thc modern 
orgfts;'but it is evident that the tnechanism of it has 
served as a basis for that of ours. . St. Jerome speaks with 
enthusiasm of an organ wbich'had twelve pair of hellbws, 
and which could be heard at the distance of a mile. It 
tlience appears that the method emploj'ed by Ctesibius, to 
produce air to fill the wind-box, was soon laid aside, for 
one more simple ; that is, for a pair of bellows. 

The performer on the favour da basque, and the au- 
tomaton fiiitc-player of Vaucanson, which were exhibited 
and seen with admiration in most parts of Europe, in the 
year li^4d, may be classed among the most cUrioiis musical 
machines ever invented. We sliall not however say any 
thing of the former of Jjhese machines, because the latter 
appears to liavc been f^morc complex. 

The autbmaton fliite-pl^ljr performed several airs on 
the flute, with the precision and correctness of the most 
€jxpert musician.., It held the flute in the usual manner, 
and produced the tone by^cans of its mouth ; while its 
fingers applied on the holes produced the different notes. 
It IS well known how the fingeis might be raised by spikes 
fixed in a cylinder, so as to produce these sounds ; but it 
is ditticiilt to conceive how that part could be executed 
which IS pe.rforme;cl by the tongue, and without wKfbh the 
music would be very defective. Vaucanson indeed con- 
fesses that this motion in his machine was that which cost 
him the gi eatest labour. Those desirous of farther informa- 
tion on this subject may copsult a small w^ork, in quarto, 
which ^Vaucanson published respecting these machines. 

A very convenient instrument for composers was in- 
vented some years ago in Germany : it corjiists of a harp- 
sichord VHucti, by certain machinery added to it, notes 
down any air or piece of music, while a person is playing 
iW^ This is a great advantage to composers, as it enables 
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them, ^bep hurried away by the ferypur of tbein ifl»gtQii«' 
tioPji preserve what has successively i^elved from their 
a fleeting existence, and wi^at otherwise it wpMJki • 
often be impossible for them to remember* ' A deJftipv 
tion of this machine may be found in the memoirs ofjtfae 
Academy of Berlin, for the *year 1773. 

auticle xvii. 

Of a new instrument called the ITarmomca, 
y This new instrument was invented in America by I>r« 
Franklin, who gave a description of it to Father Beccaria, 
srhich the latter published in his works^ printed in 177S. 

It is well known (hat when the finger a little moistened 
is rubbed against the edge of a drinking glass, a sweet 
sound is produced ; and that the tone varies according to 
the form, size, and thickness of the The tone may 

be raised or lowered also by puttin^nto the glass a greeter 
or less quantity of water. D^ ^ ranklin says that an Irish* 
^man, named Puckeridge, first^^iceived the idea, about 
twenty years before that time, of constructing an iiistru- 
nient with several glasses of this kind, adjusted to the^^ari* 
ous ton^s, and fixed to a stand in such a inapner, that dif- 
ferent eirs could he played upon them. Mr. Puckeridge 
having been afterwards burnt injiis liouse along with, tliis 
instrument, Mr. DeUval constructed another of the same 
kind, with glasses better chosen, which he applied to the 
like purpose. Dr. Franklin hearing this instrument, ivas 
50 delighted with the sweetness of its tones, that be en- 
deavoured to improve it ; and the result of bis i^earches 
was the instrument which we are now going to describe. 

Cause be blown op purpo.}e glasses of different si«es» 
and of cfi^.forin nearly Iminispherical, having each in the 
midcUo an opqp neck. The thickness of the glass^near 
theedge, sliould beat most one tenth of an inch, and ought 
tQ~ increase gradually to the neck, which in the largest 
glares should be an inch in length, and an inch and a half 
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in^lireaiith i a' the inside. In regard to tJie diih^siohb ^ 
the glasses' Ctiemselves, the largest may be about ^'iuftlieh 
in diameter at the mouth, and the least 3 inches, each glass 
d 0 e%easii>g in size a quarter of an inch. It will be prop^ 
to have five or six of the same diameter, in order that th^ 
may be more easily tuned to the proper tones ; for a Vei^ 
slight diBerence will be sufficient to make them vary a 
tone, and even a third. 

, When these arrangements are made, try the different 
glasses, in order to^form of them a series of three or four 
chromatic octaves. To elevate the tone, the edge tows^rds 
the neck ought to be ground, trying thetn every moment, 
for if they be raised too high, it will afterwards be impos- 
aible to lower them. 

When the glasses have been thus graduated, they milst 
be arranged 'on a oomtpon axis. For this purpose, put a 
cork stopper very cloa^y into the neck of each, so as to 
project from it about half^^inch ; then make a hole of a 
proper size in all these corks, and thrust into them an iron 
axis, but not wi|h too much force, otherwise the necks 
might hurst. Care must a1^ be taken to place the glasses 
in such a manner, that their edges may be about an inch 
distant from each other, which is ni'arly the distance be- 
tW'een the middle of the keys of a harpsichord. 

To one of the extremities of the axis affix a wheel of 
about 18 inches in diameter, loaded wiih a weight of from 
go to 25 pounds, that it may retain for some time the mo- 
tion communicated to it. TJiis wheel, which must be 
turned by the same mechanism as that employed to turn A 
spinning wheel, communicates, as it revolves, its motion 
to •dm axis, which rests in two collars, one at the extremity 
and' the other at some distance from the wheel. The 
whole may be fitted into a box of t 'je proper form, placed 
on a frame supported by four feet. The glasses corre- 
sponding to the seven tones of the diatonic octave> may 
be painted of the seven prt..«i)atic colours in their natur^ 
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prcteff ij^t tljle 4i^rent tones to which they conrespond 
nwy be more readily distinguished. ^ o 

T|ie person .who plays on this iu^criinient, U jseat^ be- 
foife the row of glas^s, as if before the keys of a harpsir 
ehord; the glasses are slightly moistened^ and, the wheel 
being made to revolve, couimunicates the Sfinie motion to 
the glasses; the fingers arc then applieii to the edges of 
the glasses, and tlie different sounds are by these means 
produced. It may be easily seen that different parts c^ii 
executed with this instrument, as with the harpsichord. 

About fourteen or fifteen years ago, an English lady at 
Paris performed^ it is said, exceedingly well on this instru* 
ment. The sounds it emits are remarkably sweet, ant} 
would be ve»y proper as an accompanjtnent to certain 
tender and pathetic airs. It is attended witn pne advan- 
tage, which is, that the sounds can Ij^,maintkipe4 or pro- 
longed, and made to swell at plci^^^.; and.tl)e<ln^rpm^nt, , 
when once tuned, never regiiji ^ pfeDe altered, a%rded 
^reat satisfaction to many .o^Plbrs ; but we have heard 
that the sound, on account of its ^re^t sweetness, became 
at last somewhat insipid, and «''r this r^son parhapstit is 
now laid aside, and confined to cabinets, among other 
ngusical curiosities. 

A few^ears ago Dr. Chladui, who has made various re- 
searches respecting the theory of sound, and the vibrations 
of sonorous bodies’*, invented a new instrument of this 
kind, to which he gave the name of cuphon. This instru- 
ment has some resemblance to a small writing desk, and 
contains in the inside 10 glass tubes of differential ours, 
of the thickness of the barrel of a quiil, and about 10 inches 
in length. They are wett^ed^Mith water by means ,of a 
sponge, and stroked the fingers in the direction of 
their length; so that ttie increase of tlte tone depends 

* He published a woik on this subject entitled, Entikckur^m uber dit 
Thvnie da Klanges. Lcipsic 1787* 410. ^ 
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merely on the stronger or weaker pres$ave, Imd the slower 
or quicker morenient of the fingers. In the back psirt there 
is a perpendictilar sounding board, through which the 
tubes pass. In sweetness of sound this instrument ap- 
proaches near to the harmonica ; but seenis to be attend^ 
with advantages which the other does not possess. 

1st. It is simpler, both in regard to its construction, 9od 
the movement necessary to produce the sound ; as neither 
tj^rning nor stopping is required, but merely the motion 
of the finger.— 2(i. It produces its sound speedier; soitiaf*^ 
as soon as touched the tone may be made as full as the in- 
strument IS capabl<|,of giving it : wliereasfin the harmonica 
the tones, aud'particularJy the lower ones, nipt be made to 
increase gradually. — Sd. It i»as more distmciness in quick 
passages, because the tones do not resound so long as in 
the harmonica) wli^^ the sound of one low todc is often 
healhl wlien -you wisfe^^ijy’ to hour the following one.— 
4th. The unison is pui^^^^n is generally the case in the 
harmonica; whore it ls%l^ult to have perfect glassp, 
which in every part give like tones w»th mathematical ex- 
actniftss. It is however. It to be tuned as thehar- 
inohica.— 5th.*lt does not alFcCl tli(‘ nerves of the per- 
former ; fm a person scarcely leelS a weak agitation in tlie 
fingers; whereas in the harmonica, particularly in con- 
cords of the lower notes, the agitation extends to the arms, 
and even through the whole body of the performer.— 6th. 
The expense of this instrument will be much less than that 
of the harmomcn. — 7th. When one of the tubes breaks, or 
any otltm* part is deranged, it cun be easily repaired : 
W'bcreas when one of the glasses ©f the haniioniea breaks, 
it rei^uires much time, and la difficni to procure another 
capjtbte of giving the same tone m the former, and winch 
will correspond sufficiently with the rest. ^ 

For farthe: particulars respecting this instrument, and 
the history of its invention, see The Philcsopkivid Maga^ 
xme, n% 8, or vol. 2, p. 3.91. 
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' * ARTICLE X VIII. 4i!i 

I *• * 

, Of mne singular ideas in rtgari to music* ^ , 
]«t. Oiie.pefbap would scarcely believe^, it possible for 
a person to compose an air, though entirely ignorant of 
music, or.jtt least of composition. This secret however 
was published a few years ago, in a small work entitled^ 
Le Jeu de Dez harmonitfuey or Ludus Melothedicus, con- 
Uinipg various calculations, by means of which any p^r* 
"'^il^y^even ignorant of music, may compose minuets, with 
the accompaniment of a bass. 8vo. Paris 1757. In this 
work the autlior*sliows bow a minuet, ,^nd its bass may, be 
composed, according to the points jthrpwnVith twp^dice, 
b\» means ofxertain table*:. ’ 4 I , 

This author gives a method also of pdrfoifrtiui|g the same 
thing by ‘means of a pack of oards^ .|||^ef|ppnotreineii^^f 
the title of this work \ and w&u^^ffess to 

attach no more importanc^^^^.thai1''fhe ^ithof^tioes 
himself. , . 

We shall ‘therefore content ohrselves-’wii^ iiaving^toen- 
tioned works to which tha^reitlier jnay liave recourse, for 
information respecting tnls kind of amusca^ent, the com- 
bination, pf which must Have cost more labour than the sub- 
ject dj^selrved. We shall however observe, tltat this author 
publish^ another work entitled. Invention d*une Manur 
facture et Fabrique de Vers au petit metier , &c. 8vo. 1759, 
in which he taught a method of answering, in Latin verse, 
by means of two dice, and certain .tables, any question pro- 
posed. This, it must be confess^, was expenc^ag much 
labour to little purpo^* ^ . 

Sd. A physician of some years ago^ pnb^lli^^4 

small treatise, in whidUl^ ^ployeil, music in ^etermiRli^ 
the st^ of the pulse, lie represented thie '|iea^,of a 
regubl^ulse by minuet time, and those of the., 9 tber kinds 
of pulse by different measures, more or less accelerated. 
If this method of medical practice should be introduced, 
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will be a curio^ spectacle tc^seeii disciple of Hippocrates 
feeling the pulse of hj^ patient by the sound of an instru- 
ment, and trying airs analogous by their time tjp the mo- 
tion of his pulse, in order to' discover its quality. If ail 
other diseases should baffle the physician’s skill, there is 
reaaoit to believe that low spirits will not bfc able’ to with- 
stand such a practice. 


ARTICLE XIX. 

On the Figures formed by Sand and other light SuhstetrU^ 
. on Vibrating Surfaces, 

Dr. Ghladni^of Wittenberg, by his experiments on vi- 
bt^tlnj^Burfac^, published in 1787, opened %^new field in 
this de|dirtnie^’ of science, viz, the consideration of the 
cUrye^onSl^^^by sand and other light bodies, on surfaces 

As this subject is curious, and 
Bift^fej^search , we shall present the 
the method of repeating 
thele^O|:pcn 0 ient 9 ^. GrenV Journal of Natural 

PhildsUphy, •" " 


fibres, i 


Viblration fibres, as^fey ar^callecl, arc produced on 
vibrating su^ces, "because som^parts of these surfaces 
are at rest, and others in motion. The surfaces“’1|f1test for 
being^tnade to vibrate, are panes of glass ; though the ex- 
periments will succeed equally well w ith plates of metal, 
or pieces of board, a line or two in thickness. If the sur- 
face of any of these bodies be strewed over with substances 
easily put in motion ; such for example as fine sand ; these, 
during llfi vibration of the body, will remain on the parts 
at rest, and be thrown from the parts in motion, so as to 
ferto^tnathematical figures. To^roduce such figures, 
netbidg is necessary but to know me method of bringing 
that patt of the sui^e which you wish not^o vibrate into 
a state of rest j and of putting, in motidlTthat which you 


• Sec also PMl. MaffC No. IS. 
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wish to vibrate : on this spends the whole expertnes» el 

producing vibration figures»s ^ ' '{n.-.-'* 

Those who have never tried these "experitnents might 
imagine, ^at to produce fig. fi ph 19| -it wptdd befie(»s>^ 
sary to damp, in particular, every point ef the part to be 
kept at feat/; TIB, the two concentric circles andthedht* 
meter, aind to put in motion every part intended to vibrate.. 


This however is not the case; for you need damp only the 
points a and b, and cause to vibrate one part c,'8t theedge 
of the plate ; for the motion is soon communicated to the' 
other parts, which you wish to vibrate, and the required 
figure will in this manner be produced. ' ^ 

The damping may be best efieCted hjjlt 
place to be clamped between two 
it only bj one finger. This will be mo^ 
hended by turning to fig. 6, 
in that position necessary^ 

placing the thumb above 

rectly bebw 'and .>esid*^J^i|f^5^;'B|^^i&p^ 
point b on the under sfdO of If the bow -c^ a 

violin be then rubbed arainst the'^atc'at will pro^ 

dace otf^hc glass the figure which, i^’ delineated fig. g. 

point to be supported or damped lies too near 
the centre of th^ plate, yoU may rest it On a cork, not too 


broad at the end, brought into contact with the glasaiti 
such a manner, as to supply the pl^ce of the finger. « Jtda 


convenient also, when yoa w’ish to damp several points’ll 
the circumference of the glass, to place your thdfMb’ontbe 
cork, and te nse the rest of your fingers for toucihing^the 
parts which you wish to keep at rest. For examplq^jf 


w'ish to produce fig. 4/bh an elliptic^ plate,- tb6ia#ger-ftBfe 
ofvtbicb!is to fhe les» as 4 to 3, yoirmest q>laoe' ttm cork 
undent, the cefitVe^'^f the «p1ate; put your thumb 'Upon 
thb pbint, and then da'inp the two points of the edge p atfd 
qf as may be seen fig. 5, «:nd make the plate to vibrate by 
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ttibbing the viplin ,bow agamst k at r. There is still «ii4> 
ether convenient method of damping several points at the 
edget vrhendarge plates are employed. Fig« 1 represents 
» strong square bit of metal oeh, a line in circumference^ 
which is screwed to the edge of the table, or made fast in 
any other manner : and a notch, about as broad as the edge 
of the plate, is cut into one side of it with a file. You then 
hold the plate resting against this bit of metal, by two or 
pore fingers when requisite, as at c and d ; by which means 
the edge of the plate will be damped in three points 


and ip this manner, by putting the plate in vibration at 
ypxk can produce fig. 10, fn cases of necessity you may 
of a table, instead of the bit of metal ; , but it 
so well. 

vibration at any required place, a com- 
rosin, is the most proper in* 
The hair must not be too slack, 


to press pretty hard on 
tone sooner. 

^ . particular .figure, you 
must first form i t rW’Mdu^n b.-B^'plate, in order that you 
m^y be ahja 'to efe t u smm e whe’rc^ line at rest, and where 


a vibrating part, will occur. The greatest rest Will always 
be where two or more lines intersect each other, and aoch 


places must in particular be dampe>l. For example,' in 
fig. 7 you must damp the part n, and stroke with the bow 
in p. Fig. 11 may be produced with no less ease, if you 
hold the plate at r, ar^ stroke with the bow at f. The 
strougesf vibration seems always to be in that part of the 
edge which is bounded by a Curve: for example, in fig. 8 
and fig 9f atn. To produce these figures .‘^herefore, you 
must. rub with the bow at n, and not at r. y 

You'imist however damp, not only tbo^ poipts whCre 
twin lines intersect each otber^ but support 

at least one which is suited to.that^^ure, and to no other. 
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Fdr exaai^le, when you ^inj^rt a ^nd k, fig. 2/iind*irutr 
with the bow at c, fig. 7 alsa'inay ^rodbced ; beettiWtf 
both these 6gures have these tv^o poinlft at rest. To pro* 
duce fig. you must support with one finger^the part e, 
and rub ’With the bow in c; but fig. 7 cannot be pro* 
duced In 'this iuanner, because it has not 'the point e at 
rest*. 

One o^thegteatest difficulties in producing the figures, 
is to determine before-hand the vibrating and teeing points 
belong to a certain figure, and toTio other. Heneey 
wben one is not able to damp those points which distifi* 
giiish one figure from another, if the violin U>w be rubbed 
against the pjate, several hollow tone^dr^' Wd^Out 
the sand forming itself aS 
acquire by experience a-reaciiness, in 
out among these tones, that whicbl 
figure, and to produce it on the^ 
against it. , When you have^^^ ^ 
in this respect, you 
• considerable of "^ly^S^^'^lsr^b^pro- 

dueed, and even the mo^^ifficiS^'^’IfeliSy be ba^ily con- 
ceived, that you must^^ot forgei^)p{wt pa^' of the plate,-^ 
and .in Wtiat manner you damped ; and you may mark 
thd^ points by making a scratch on the plate with a bit 
df'fiint.’ 

Wben the plate has acquired the proper vibration, you 
must endeavour to keep it in that state for some seconds; 
which can be best done by rubbing the bow against if se- 
veral times in succession. By these means the sand will 
be formed much more accurately. 








